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Secretary's News Letter 


EF dari SOON, I hope, the YEAR Book will be 

in the hands of members, to whom it will 
be distributed gratis. Daily we receive notifica- 
tion of changes of address or jobs, and so 
inevitably it will be out-of-date. Some of the 
information in it may contain errors—there 
may be some omissions—but it must be 
remembered that the accuracy of the List of 
Members is dependent upon the information 
which has been returned by members on the 
cards provided. If a card has not been 
returned, and has been lost in the interim, a 
duplicate card will be sent to be completed for 
further editions of the YEAR Book. If a 
member gains academic distinction or award 
the records will not be complete, unless the 
information is sent in; a change of job or 
address are other items of information which 
are necessary. In fact I want to receive every- 
thing except finger prints! 

To make the List of Members and the YEAR 
BooK a vade-mecum worthy of continual 
consultation is something worth attempting but 
this requires the co-operation of each 
individual member, and I am sure that will be 
forthcoming. 


November 1955. 


There is another matter of co-operation to 
which I wish to refer. Every event, be it 
Conference or Lecture, needs to a greater or 
lesser extent, organisation. That the British 
delegates to the recent Conference in Los 
Angeles were able to visit the plants was only 
made possible by the effort, by no means small, 
of the Aircraft Division of the British Joint 
Services Mission in Washington, and the 
Foreign Liaison Section of the U.S.A.F. To 
them is due acknowledgment and appreciation 
of their hard work and care, without which no 
visits would have been possible. Perhaps I 
could ask here Mr. Scott Hall, Head of the 
Ministry of Supply staff, B.J.S.M. Washington, 
to convey the sincere thanks of all the British 
delegates to everyone who brought this 
combined operation to such a_ successful 
conclusion. 


The Lecture Programme contains an 
unusual item, namely, “ Presidential Address ” 
on the 90th anniversary of the founding of the 
Society, 12th January, 1956. It is very 
probable that the Address will be followed by 
a Reception. Details will be published later, 
but let the date be noted in diaries. 


Secretary 


NOTICES 


An annual sum of £250 is available for premium awards for papers, including 


Technical Notes, published in the Journal. 


Members and non-members of the 


Society are invited to submit papers on any aspect of aeronautics 


SELECTION OF PRESIDENT-ELECT—1956-1957 
Mr. E, T. Jones (Fellow and Vice-President) was 
appointed President-Elect for 1956-1957 at the Council 
Meeting held on 28th September. He will take office at 
the Annual General Meeting on 10th May 1956. Mr. 
Jones is at present Director General of Technical Develop- 
ment (Air) at the Ministry of Supply. 


SOUTHERN AFRICA DIVISION 
The Hon. J. H. Viljoen, Minister for Education, Arts 
and Science in the Union Government has consented to 
become Honorary President of the Southern Africa 
Division. 
Colonel Sir T. Ellis Robins, K.B.E., D.S.O., ED., 
Director of the British South African Company and 


Central African Airways has consented to become 
Honorary Vice-President. 

Professor W. J. Walker, A.F.R.Ae.S., has succeeded 
Dr. R. Cheetham, A.F.R.Ae.S., as President of the Southern 


Africa Division. 


New ZEALAND DIVISION 
Air Commodore G. Carter, A.F.R.Ae.S., has succeeded 
Mr. C. W. Labette, A.F.R.Ae.S., as President of the New 
Zealand Division. 
ASSOCIATE FELLOWSHIP EXAMINATIONS, DECEMBER 1955 
The Associate Fellowship Examinations will be held on 
14th, 15th and 16th December 1955 in the United Kingdom 
and at various Centres abroad. All Candidates will be sent 
a time-table and full instructions. 
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GRADUATES’ AND STUDENTS’ SECTION—VISITS 

A visit has been arranged to London Airport on 
Saturday 19th November. Among the arrangements for 
this visit are a tour of the British European Airways Engin- 
eering Base and representative aircraft, M.T.C.A. Central 
Area and the new Passenger Building. Applications for 
this visit should be made to N. K. Benson, 14 Wakering 
Road, Barking, Essex. 

A visit has also been arranged to the B.O.A.C. Strato- 
cruiser Simulator, Meadowbank, near London Airport, for 
Saturday 10th December 1955. As numbers are very 
limited, applications should be made immediately to the 
Hon. Visits Secretary, N. K. Benson, 14 Wakering Road, 
Barking, Essex. 


W. RUPERT TURNBULL MEMORIAL LECTURE 


The first W. Rupert Turnbull Memorial Lecture will be 
delivered by Professor John H. Parkin (Fellow) at the 
Second Joint Meeting of the Canadian Aeronautical 
Institute and the Institute of the Aeronautical Sciences to 
be held in Ottawa on 3rd November. The late Mr. Turn- 
bull was a Fellow of the Royal Aeronautical Society and 
was originally elected a member in 1907. 


ACKNOWLEDGMENTS 


The Council gratefully acknowledge the gift from Lieut.- 
Col. A. Ogilvie (Fellow) of the maps used on the historic 
flight up the Nile in 1914 by the late Sir Francis McClean. 

They also acknowledge with thanks the receipt of 
historical material (drawings, reports, etc.) from Mr. W. O. 
Manning (Fellow) and newspaper cuttings from Mr. W. A. 
Woodward. 


News OF MEMBERS 

Wing Commander R. P. BEAMONT (Associate) has been 
awarded the Derry and Richards Memorial Medal by the 
Guild of Air Pilots and Air Navigators for 1954, 

S. RILEY BROWN (Associate Fellow) has been appointed 
Assistant Civil Air Attache (Telecommunications) at the 
British Embassy, Washington. 

A. M. CREEDON (Associate Fellow) has left SAAB, 
Linkoping, Sweden, to become Assistant Chief Stressman 
with Auster Aircraft Ltd. 

A. G. Extiott (Fellow and Member of Council) is retiring 
ry his post of Executive Vice-Chairman of Rolls-Royce 

td. 

Professor S. GOLDSTEIN (Fellow) has been appointed 
Gordon Mckay Professor of Applied Mathematics in the 
Division of Engineering and Applied Physics at Harvard 
University. 


Dr. R. HAWTHORNE (Fellow) has been 
appointed Jerome Clarke Hunsaker Professor of Aero- 
nautical Engineering at the Massachusetts Institute of 
Technology for the current year. 

Dr. W. F. HILTON (Fellow) and E. D. KEEN (Fellow) have 
been elected Associate Fellows of the Institute of the 
Aeronautical Sciences. 

ALAN B. HUNTER (Associate Fellow) has been appointed 
Principal Surveyor of British Aviation Insurance Co. Ltd. 

Dr. JEROME C. HUNSAKER (Honorary Fellow) has been 
awarded the Langley Gold Medal of the Smithsonian 
Institution, the first time the Award has been granted since 
1953. 

G. N. LANcE (Graduate) has joined the Faculty of the 
University of Southampton as Lecturer in Applied Miathe- 
matics. He was formerly the National Academy of 
Sciences Research Fellow and Visiting Lecturer in Engin- 
eering at the University of California, Los Angeles. 

PETER G. MASEFIELD (Fellow and Vice-President) is 
President of the Institute of Transport for the year 1955- 
1956. 

Dr. B. G. NEWMAN (Associate Fellow) has left the 
Flight Research Section of the National Aeronautical 
Establishment, Canada, to take up a position as University 
Lecturer in the Department of Aeronautics, Cambridge. 

J. M. RAMSDEN (Graduate), formerly of the Public 
Relations Department of de Havillands, has joined the 
Editorial Staff of ‘ Flight.” 

SmR Harry Ricarpo (Fellow) was awarded the 1953 
Horning Memorial Award by the Society of Automotive 
Engineers in June 1955 in recognition of distinguished 
active service during his many years in the field of mutual 
adaptation of fuels and engines. 

D. C. SmitH (Associate Fellow) has been appointed 
Executive of A.G.A.R.D.’s new Structures and Materials 
Panel in Paris. 

Major P. L. TEED (Fellow), Deputy Chief of Aero- 
nautical Research and Development, has been appointed 
to the Board of Vickers-Armstrongs (Aircraft) Ltd. 

P. H. WALL (Associate Fellow) has recently taken up a 
post as Project Engineer on Victor Aircraft design with 
Handley Page Ltd. 

L. J. West (Associate Fellow) has retired from the Royal 
Air Force and taken up a temporary appointment as 
Forecast Announcer to Associated-Rediffusion. 


A LECTURE ON “ TRIDAC ™ 
Members of the Society are invited by the Institution of 
Electrical Engineers to attend a lecture on “ TRIDAC—A 
Large Analogue Computor Machine,” by F. R. J. 
Spearman, J. J. Gait, A. V. Hemingway and R. W. Hynes 
on Ist December 1955 at 5.30 p.m. 


Diary 


LONDON 

10th November 
MAIN LECTURE AT MERTHYR TYDFIL BRANCH.—A Review 
of Some Combustion Problems Associated with the Aero 
Gas Turbine. Dr. J. S. Clarke, O.B.E. Restaurant, 
Teddington Aircraft Controls, Cefn Coed, Merthyr Tydfil. 
7 p.m. 

15th November 
SecTION LectureE.—The Planning of Experiments. Sir 
Ronald A. Fisher. The Library, 4 Hamilton Place, Lon- 
don, W.1. 7 p.m. 

17th November 
ALL Day SECTION LECTURE ON AIRCRAFT DESIGN PHILO- 
sopHy.—Structural Testing: Dr. P. B. Walker, C.B.E. 
Fatigue; H. Giddings. Flight Loads: C. F. Joy. Safety 
Factors: J. K. Williams. Institution of Civil Engineers. 
Gt. George Street, London, S.W.1. 10 a.m. 
GRADUATES’ AND STUDENTS’ SECTION.—-The Supersonic 
Fighter. J. W. Fozard. The Library, 4 Hamilton Place. 
London, W.1. 7.30 p.m. 


i9th November 
GRADUATES’ AND STUDENTS’ SECTION.—Visit to London 
Airport. (See separate notice.) 

22nd November 
SECTION LEcTURE.—Aviation Journalism. Charles Gardner. 
O.B.E. The Library. 4 Hamilton Place, London. W.1. 
7 p.m, 

29th November 
SECTION LecTuRE.—The Noise of Jet Engines. F. B. 
Greatrex. The Library. 4 Hamilton Place, London, W.1. 
7 p.m. 

Ist December 
MAIN LECTURE AT BOSCOMBE DowN BraNcH.—Free Flight 
Techniques for High Speed Aerodynamic Research. P. A. 
Hufton. Main Dining Hall. Airmen’s Mess, A. & A.E.E.. 
Boscombe Down. 6.30 p.m. (Tea 6 p.m.). 
GRADUATES’ AND STUDENTS’ SECTION.—Aeroelasticity in 
Practice. H. S. Liner. The Library, 4 Hamilton Place. 
London, W.1. 7.30 p.m. 


| 
a 
a 
of 
: 
| 
, 
& 
} 
. 
x 
BAS 


nes 


NOVEMBER 1955 


ROYAL AERONAUTICAL SOCIETY—NOTICES LIX 


6th December 
SECTION LECTURE.—Fatigue Aspects of Structural Design. 
W. A. P. Fisher. The Library, 4 Hamilton Place, London, 
W.1. 7 p.m. 

10th December 
GRADUATES’ AND STUDENTS’ SECTION.—Visit to B.O.A.C. 
Stratocruiser Simulator, Meadowbank, near London Air- 
port. (See separate notice.) 

14th December 
GRADUATES’ AND STUDENTS’ SECTION.—The Domain of the 
Helicopter. R. Hafner. The Library, 4 Hamilton Place, 
London, W.1. 7.30 p.m. 

16th December 
SECTION LecturE.—Lecture on Airships. The Library, 
4 Hamilton Place, London, W.1. 7 p.m. 

20th December 
SECTION LECTURE.—Recent Advances in Aircraft Adhesives. 
Dr. N. A. de Bruyne. The Library, 4 Hamilton Place, 
London, W.1. 7 p.m. 


5th January 1956 


YOUNG PEOPLE’S LECTURE.—Test Flying—Current 
Problems and Techniques. Wing Cdr. R. P. Beamont, 
O.B.E., D.S.O., D.F.C. The Institution of Civil Engineers, 
Gt. George Street, London, S.W.1. 3 p.m. (Tea 4.30 p.m.) 
10th January 
SECTION LeEcTURE.—Some Modern Structural Problems. 
Prof. W. S. Hemp. The Library, 4 Hamilton Place, 
London, W.1. 7 p.m. 
12th January 
PRESIDENTIAL ADDRESS.—N. E. Rowe, C.B.E., The Royal 
Institution, Albemarle Street, London, W.1. 6 p.m, (Tea 
5.30 p.m.). 


BRANCHES 


9th November 
Chester.—Design Features of the Dart Engine. R. J. 
Shire. Grosvenor Hotel, Chester. 7.30 p.m. 

10th November 
Brough.—Second Sir George Cayley Memorial Lecture: 
The End of an Epoch in Air Warfare. Marshal of the 
R.A.F., Sir John Slessor, G.C.B., D.S.O., M.C. Royal 
Station Hotel, Hull. 7 p.m. 
Merthyr Tydfil—Main Lecture—A Review of Some 
Combustion Problems Associated with the Aero Gas 
Turbine. Dr. J. S. Clarke. Restaurant, Teddington Air- 
craft Controls, Cefn Coed, Merthyr Tydfil. 7 p.m. 

14th November 
Bristol—Junior Members’ Papers Competition. Conference 
Room, Filton House, Bristol Aeroplane Co. 6 p.m. 
Halton.—Airframe Fatigue. W. Tye, O.B.E. Branch Hut, 
R.A.F., Halton. 6.45 p.m. 

16th November 
Coventry.—Lecture by H. F. Rainbow. The Wine Lodge. 
Coventry. 7.30 p.m. 
Manchester.—Interplanetary Flight. E. Burgess. Reynolds 
Hall, College of Technology. Manchester. 7.30 p.m. 
Reading and District—Man and the Aircraft Workspace. 
Wing Cdr. H. P. Ruffell Smith. The Canteen, Western 
Manufacturing (Reading) Ltd., The Aerodrome, Woodley. 
6 p.m. 

17th November 
Cheltenham.—Medical Aspects of Aviation. Sqn. Ldr. 
R. S. Wambeek. St. Mary’s College, Cheltenham. 7.30 
p.m. 
Yeovil.—Westland Whirlwind Tropicalisation. L. A. Lans- 
down. Park School, Park Road, off Princes Street. Yeovil. 
7.30 p.m. 

21st November 
Halton.—Photographing Aircraft. Charles E. Brown. 
Branch Hut, R.A.F.. Halton. 6.45 p.m. 
Henlow.—Student Members’ Lectures. Building 62, R.A.F. 
Technical College. 7.30 p.m. 

2nd November 
Belfast.—The Britannia. Dr. A. E. Russell. Kerr Room, 
Kensington Hotel. Belfast. 7 p.m. 


23rd November 
Weybridge.—Photographing Aeroplanes. Charles’ E. 
Brown. Vickers-Armstrongs (Aircraft) Ltd., Weybridge. 
6 p.m. 

24th November 
Isle of Wight.—Ejection from High Speed Aircraft. J. 
Martin, O.B.E. The Clubhouse, Saunders-Roe Sports and 
Social Club, Church Path, E. Cowes. 6.30 p.m. 

28th November 
Halton.—Film: “Target for Tonight.” Branch Hut, 
R.A.F., Halton. 6.45 p.m. 

Ist December 
Boscombe Down.—Main Lecture. Free Flight Techniques 
for High Speed Aerodynamic Research. P. A. Hufton. 
Main Dining Hall, Airmen’s Mess, A. & A.E.E.. Boscombe 
Down. Amesbury, Wilts. 6.30 p.m. 

2nd December 
Chester.—Annual Dance. Four-Ways Restaurant, Chester. 
Leicester.—33 Years of Flying as an Airline Captain. 
Capt. O. P. Jones. Lecture Theatre, Loughborough 
College. 

5th December 
Derby.—Flight in Turbulent Atmosphere. Dr. R. S. 
Scorer. Rolls-Royce Welfare Hall, Nightingale Road, 
Derby. 6.15 p.m. 
Halton.—Parachutes. W. D. Brown. Branch Hut, R.A.F., 
Halton. 6.45 p.m. 

6th December 
Henlow.—Problems and Prospects in Civil Air Transport. 
P. G. Masefield. Building 62, R.A.F. Technical College. 
7.30 p.m. 

7th December 
Bristol.—_Joint Meeting with Regional Meeting of the 
Institution of Production Engineers. A New Approach to 
Aircraft Design for Production. W. E. Petter. C.B.E. 
Main Lecture Theatre, University Engineering Labs., 
University Walk, University of Bristol. 7.30 p.m. 
Brough.—Aerial Photography. Charles E. Brown. Lecture 
Hall, Yorkshire Electricity Board, Ferensway, Hull. 7.30 
p.m. 
Chester.—The Pioneer. N. J. Capper. Grosvenor Hotel. 
Chester. 7.30 p.m. 
Reading and District.—Airframe Fatigue. W. Tye. O.B.E., 
The Canteen, Western Manufacturing (Reading) Ltd.. The 
Aerodrome, Woodley. 6 p.m. 

8th December 
Isle of Wight.—Annual General Meeting and Film Show. 
The Clubhouse, Saunders-Roe Sports and Social Club, 
Chureh Path, E. Cowes. 6.30 p.m. 
Merthyr Tydfil.—Toxic, Fire and Explosion Hazards in 
Industry. A. S. Minston. B.O.A.C., Treforest. 
Yeovil.—Carrier Operation. Lt. Cdr. C. E. Price. Park 
School, Park Road, off Princes Street, Yeovil. 7.30 p.m. 

9th December 
Bristol.—Engineering Associations’ Joint Dance. The 
Royal Hotel, Bristol. 7.30 p.m. 
Glasgow.—Test Flying. Ben Gunn. Rolls-Royce. Hill- 
ington, Glasgow. 7.15 p.m. 
Gloucester.—Air to Air Photography. W. H. Russell 
Adams. By arrangement and invitation of Gloucestersh‘re 
Engineering Society. The Wheatstone Hall. Brunswick 
Road, Gloucester. 7.30 p.m. 

12th December 
Halton.—Film: “The First of the Few.” Branch Hut. 
R.A.F., Halton. 6.45 p.m. 

13th December 
Belfast—Brains Trust. Kerr Room, Kensington Hotel, 
Belfast. 7 p.m. 

14th December 
Coventry.—Film: “ We Saw it Happen.” United Aircraft 
Export Corp. film of the first 50 years of flight. The 
Wine Lodge, Coventry. 7.30 p.m. 
Manchester.—N.A.T.O. Air Power and the Preservation of 
Peace. Air Marshal Sir Robert Saundby, K.B.E.. C.B. 
Reynolds Hall, College of Technology, Manchester. 
7.30 p.m. 
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16th December 


Beetle. D.C. Smith. Lecture Hall, A. &A.E.E., Boscombe 


Weybridge.—Annual Dance. 

19th December 
Halton.—Space Flight. J. Humphries. 
R.A.F., Halton. 6.45 p.m. 

2nd January 1956 
Derby.—Annual General Meeting. Winning Ten Minute 
Papers. Films. Rolls-Royce Welfare Hall, Nightingale 
Road, Derby. 6.15 p.m. 

3rd January 
Belfast.—Accident Proneness. Dr. J. A. Smiley. Reception 
Room, Kensington Hotel, Belfast. 7 p.m. 

5th January 
Isle of Wight.—Noise of Jet Engines. F. B. Greatrex. 
Clubhouse, Saunders-Roe Sports and Social Club, Church 
Path, E. Cowes. 6.30 p.m. 

9th January 
Glasgow.—Helicopters. R. Hafner. Royal Technical 
College, Glasgow. 7.15 p.m. 

10th January 
Boscombe Down.—Fatigue: the Metallic Deathwatch 


Branch Hut, 


Down, Amesbury, Wilts. 5.45 p.m. 
Bristol Aerodynamics and Associated Problems. R. F. 
Creasey. Conference Room, Filton House, Bristol Aero- 
plane Co. 6 p.m. 

11th January 
Brough.—Passengers and Freight Handling by Transport 
Command. Wing Cdr, P. J. George. Lecture Hall, York- 
shire Electricity Board, Ferensway, Hull. 7.30 p.m. 
Chester.—Supersonic Flight. G. A. V. Tyson. The 
Grosvenor Hotel, Chester. 7.30 p.m. 
Manchester.—Analogue and Digital Computors Applied 
to Aircraft Design. J. Arrowsmith. Reynolds Hall. 
College of Technology, Manchester. 7.30 p.m. 
Weybridge.—Brains Trust. Vickers-Armstrongs (Aircraft) 
Ltd., Weybridge. 6 p.m. 

12th January 
Cheltenham.—Liquid Springs: Progress in Design and 
Application. A. E. Bingham. (Originally given before the 
Institution of Mechanical Engineers). St. Mary’s College. 
Cheltenham. 7.30 p.m. 


ANNUAL SUBSCRIPTIONS 


Members are reminded that their annual subscriptions 
become due on Ist January 1956. The rates are:— 


Fellows 
Associate Fellows 
* Associates 


Graduates (aged ‘under 26) 
Graduates (aged 26 and over) .. 


Students (aged under 21) 


Students (aged 21 and over) es 


Companions 
Founder Members 


HOME ABROAD 
£ s.-d. £ 41. 
5 5. © 4 4 0 
A 3 3. 0 
3 3 
2 2 0 2 2 
2 6 212° «6 
1 1 0 
6 
3 3 30 20 
2 2 0 


* Any Associate elected before Ist October 1947 may, 
if he wishes, elect not to receive the JOURNAL, and in this 
case his subscription will be reduced by £1 Is. Od. to 


£2 2s. Od 


It will avoid delay and confusion if members, when 
sending remittances for subscriptions, will state their 
names clearly and give their addresses and grades of 
membership. Remittances should be made payable to the 


Royal Aeronautical Society. 


ELECTIONS 
The following is a list of new members and transfers of 


membership of the Society : — 


Associate Fellows 

Roy Gregory Barnden 
(from Graduate) 

Norman William Boorer 

Andrew Liddell Buchan 
(from Graduate) 

Brian Buss (from Graduate) 

James Cherry 

Anthony David Cowell 
(from Graduate) 

Derek Grove Croudson 
(from Graduate) 

Frank Thomas Davies 
(from Graduate) 

John Hamilton Davies 

Thomas Charles Dickens 

George Edwards Dodd 

Dennis James Farmer 


Derrick Edward Reid 
Godfrey 

José Edouard Godts 
(from Graduate) 

Brian John Green 

Allen Harold Claude Green- 
wood (from Associate) 

William John Harbottle 
(from Graduate) 

Kenneth David Harris 
(from Graduate) 

Sidney Weetman Rochford 
Hughes 

John Hunter 
(from Associate) 

Arthur James 
(from Companion) 

Josiah William Jones 


John Leslie Nunn 
(from Associate) 
Gordon Robert Parker 
(from Graduate) 
Jack Phillips 
(from Graduate) 
Harry Proctor Powell 
(from Associate) 
Humberto Jose Ricciardi 
Jeffery Ernest Rossiter 
(from Graduate) 
John Frederick Russell 
Sydney Russell 
Wiliiam McDonald Seymour 
(from Associate) 


Associates 


Said Abu-Mostafa 

(from Graduate) 
Jerzy Tadeusz Bryski 
Ronald Edmund Daniell 
Ronald Arthur Denley 
Roy Arthur Walter Fletcher 
Arthur Alan Griffin 

(from Student) 
Frederick John Hughes 


Graduates 


Gerald Clerehugh 

Ian Davidson 

Michael Anthony Forester- 
Bennett 

Terence Glanville James 
Glinn 

John Andrew Lang 

Kenneth Roy Liversage 

Alan Gregor Lowe 
(from Student) 

Michael John Manning 

Edmund Miller 

Peter John Nevitt 


Students 


Stanley Barrett 

Ronald Frank Barton 
George Bertram Bathurst 
James Counihan 

Brian Hugh Croft 
Michael John Crouch 


Companions 


Herbert Anthony Lawrence 
(from Student) 


Geoffrey Ward Stallibrass 
(from Associate) 
William Patrick Taylor 
Walter Alan Theed 
Gordon Harry Vosper 
(from Graduate) 
Alfred John Walder 
Waldemar Warhaftig 
(from Graduate) 
Thomas Alfred Webb 
(from Graduate) 
Peter Alan Wilson 
(from Associated 


John Stuart Ilsley 

Robert Samuel Johnston 

Frederick William Douglas 
John Lyons 

Laurence Arthur Piper 
(from Student) 

Peter George Tranter 
(from Companion) 

William Ball Wilson 


Gerard Talbot O’Brien 
Brian Henry Rowe 
Robin Shepherd 
(from Student) 
Peter Alexander Smith 
(from Student) 
Peter Shu-Yan Wong 
(from Student) 
Arthur Roy Woodward 
Anthony Wormell 
(from Student) 


Ivan John Langley 

Derek Anthony Lessware 
Paul Allan Mansbridge 
Gerald Francis Ridgley 
Maciej Stanislaw Skarzynski 
David Bruce Turner 


Horace Sinclair Rainbow 
William Robinson 


(from Graduate) 

John Cyril Fell 
(from Associate) 

Alan Leslie Roy Fletcher 
(from Graduate) 

Roy Michael Gibson 
(from Graduate) 


Eric Dorian King THE Ettiott MEMORIAL PRIZE ( 


The Elliott Memorial Prize has been awarded to 
(from Graduate) Corporal Aircraft Apprentice D. J. Morgan of the January 
1953 Entry at R.A.F. Halton, who obtained the highest 


Om Prakash Mediratta : ‘ 10 O 
(from Graduate) marks in the General Studies Examination. 
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Sir FRANCIS KENNEDY McCLEAN, A.F.C. 


Honorary Fellow 
(1876-1955) 


NE OF THE duties of the Journal of the Royal 
Aeronautical Society is to place on record some 
account of the activities of its members. It is a duty 
which has been too much neglected, especially in 
respect of its pioneers. 

In 1919, Major B. F. S. Baden-Powell, an aviation 
pioneer if ever there was one, a member of the Society 
at that time for forty years, its past Honorary Secretary, 
a past President, and the founder of the Journal, was 
required to obtain the signatures of ten Fellows of the 
Society, to become an Honorary Fellow! 

Frank McClean was one who signed his form, and 
wrote: 

“The old order changeth and the new forget the 
foundation of aviation on which their success 
rests. Most of those who now rule the air and 
make speeches have probably never heard of 
you and me.” 

That was less than 16 years after the first heavier 
than air flight. Now, fifty years after, one may still 
“hope a great man’s memory may outlive his life half a 
year,” in these records. 

Born on Ist February 1876, Frank McClean was 
trained as a Civil Engineer, at Cooper’s Hill. From 
1898 to 1902 he served in the Public Works Department 
in India. In 1907 he had his first air experience, in a 
balloon, and was assistant to Griffith Brewer in 1908 in 
the Gordon Bennett balloon race, and was a pilot in the 
same race in 1909. He held Balloon Pilot’s certificate 
No. 

In December 1908 he made his first aeroplane flight, 
as a passenger with Wilbur Wright in France, and the 
following month ordered an aeroplane to be built for 
himself by Short Brothers, the first of a considerable 
number of machines to his order. His pilot’s certificate 
is numbered 21. 

Much of his early flying was done at Eastchurch, 
where he had bought the land for an aerodrome, land he 
afterwards let at a nominal rent to the Royal Aero Club. 
In 1911 he offered to train, and provide the machines 
for, naval officers for the Admiralty, an offer which was 
accepted. A similar one, made to the War Office to 
train Territorial officers, was declined the following year 
on the grounds that it was not considered advisable for 
Territorials to learn flying! 

McClean proved to be a skilful pilot and able to 
impart much of his skill to others in those pioneering 
days. In 1912 he showed some of that skill by flying 
up the Thames in a seaplane, passing between the upper 
and lower parts of the Tower Bridge, and under London 
Bridge, clear of the water. His remarkable flight up the 
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Nile in 1914, on his 160 h.p. Gnome Short Pusher sea- 
plane, with, at times, five up, is retold overleaf by Alec 
Ogilvie, who accompanied him. 

With the outbreak of war McClean joined the Royal 
Naval Air Service which he had done so much to start, 
served for a time on the Channel Patrol and afterwards 
as Chief Instructor at Eastchurch. 

An active member of the Royal Aero Club, of which 
he was Chairman in the years 1923-24 and 1941-43, and 
Vice-President in 1923, he was awarded its Gold Medal 
in 1923. His name is one of those 13 pioneers recorded 
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Photograph of seven aeronauts in a balloon car as published in 
The Field 21st November 1908. Occupants, left to right, Pollock, 
McClean, Dunville, Brewer, Hunt, Lockyer and Bidder. 


Note.—This photograph was taken by the automatic camera 

hanging from the net of the balloon. The dark line hanging 

centrally from the basket is the duplex flex which hangs in a 

loop up to the camera so that the shutter can be operated 
by a switch in the balloon. 
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on the Memorial erected and unveiled this year on the 
Isle of Sheppey, as the first centre of heavier-than-air 
flying in England. He was elected an Honorary Fellow 
of the Society in 1950. 

He died on 11th August 1955. 

Frank McClean was a man of very wide interests. 
He gained, in astronomy, almost as much fame as he 
won in aviation. He was a joint founder of the Norman 
Lockyer Observatory, and gave generously towards its 


equipment. He organised two eclipse of the sun 
expeditions, one to Flint Island in 1908 and the other to 
Port Davey in 1911. He was High Sheriff of Oxford- 
shire in 1932-33 and was knighted in 1926 for his 
services to aviation. 

A very friendly and sociable person, he had a very 
wide circle of friends, both in the air world and the 
world of outer space. To him British aviation owes 
much by precept and example.—J.L.P. 


(We are fortunate to be able to print the following account, by 
Lieut.-Colonel Alec Ogilvie, C.B.E., F.R.Ae.S., of the famous and 
inspiring trip up the Nile in 1914 in appreciation of a great British 
pioneer. The Society has been greatly honoured by Colonel Ogilvie 
by the presentation of the maps used on this historic flight—Ed.) 


LIEUT.-COLONEL OGILVIE WRITES : 


The last letter, dated 16th October 1954, which I 
received from Frank McClean started as follows: 
“My dear Alec, 

Thanks for your kind wishes for my health, but in 
view of the fact that for nearly 80 years I have survived 
the strain of finding enjoyment in this world and have 
very few stones unturned in the process, I can’t 
complain.” 

This seems to me to express very well Frank 
McCiean’s point of view. He enjoyed life and took 
what was coming to him without complaint. As I 
really only saw a lot of him in a relatively short space 
of his life between the ages of 32 and 38, I daresay that 
he turned many stones, about which I know nothing, 
but I have seen him as the genial host of a children’s 
party at his family home, Rusthall in Tunbridge Wells, 
as a balloonist, as a pilot of many experimental 


aeroplanes, as a wise Club Committee man in the early . 


days when nearly every problem was a new one, but 
chiefly as the stout-hearted leader of a long trip up the 


F. McClean, Gus. Smith, A.-Qgilvie and A. Graves at Cairo. 


Nile in which I shared and during which the stones were 
sometimes heavy and sharp. 

He was a wealthy man for those days and he was 
prepared to spend his money freely in getting to the 
bottom of things which interested him and in which he 
could see benefit to the country. His magnificent offer 
of providing aeroplanes for the Royal Navy, on which to 
learn to fly, as well as the aerodrome to fly from, was 
typical. The long series of his aeroplanes and sea- 
planes, a dozen or so, built for him by Horace Short, 
enabled Short Brothers to get going, and keep going, at 
a critical period when Aviation in this country was 
staggering about apparently miles behind other countries 
in Europe. It is impossible to deny that McClean and 
Short did a very great deal to overcome the inertia in 
official circles and among the general public. 

McClean had first asked Commander Samson, R.N.. 
to come with him on this 1914 Nile trip but he could 
not go, so Frank asked me. 

As it turned out, McClean would have done better to 
have taken a really experienced Gnome Engineer, who 
would have been able to see what was our basic engine 
trouble, which was overheating. McClean would have 
avoided a vast amount of trouble and expense, but that 
was not his way. He wanted his friends with him in his 
adventures and was prepared to put up with difficulties. 

In November 1913 the Nile machine was on trial, 
first with wheels at Eastchurch and then with floats on 
the Swale at Harty Ferry. 

It was then taken down, crated and sent by ship to 
Alexandria. 

The Dockyard people there gave us every possible 
assistance and with the help of a couple of Short’s own 
fitters and my mechanic, we had the machine assembled 
for trial by 2nd January 1914. In a manner typical of 
the next three months, the machine with its 160 h.p. 
engine was carried bodily into the water by a large party 
of Dockyard hands. I forget what it did weigh but the 
wings had a span of 60 ft. and the general construction 
was of the solid Short type. It must have been in the 
neighbourhood of 3,000 lb. In a calm or steady air 
condition it flew well and it was very pleasant to sit in 
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Breakdown between Merowe and Abu Hamed. 


front with a fine view, but in gusty weather it was a night- 
mare to fly and it was as well for all of us that Frank 
had a strong hand as well as a steady head and plenty 
of experience. The range of speed was about 55 to 
65 m.p.h. and it could climb at 150 ft. per minute. We 
had some 2,000 miles to go. The tanks would only carry 
supplies for 100 or 120 miles, so a great many fuel 
depots had to be laid down, some in perfectly outlandish 
places. 

Before we started for Egypt the question came up, 
were we to go around the Dongola Bend or across it. 
It will be remembered that Kitchener in his Mahdi war 
had a railway built across this stretch and put the job 
in the hands of Percy Girouard. Frank had not quite 
made up his mind on this question and so we went to 
see Sir Percy Girouard in his London home. He 
strongly advised fitting the machine with wheels at Wadi 
Halfa and going straight across to Abu Hamed. On 
this, Frank, who was an obstinate man in some ways, 
decided to stick to his floats and go round. As long as 
we were near the railway, supply arrangements were 
reasonable, but some places entailed camel journeys of 
five days. 

Miss Anna McClean, McClean’s sister, was an 
absolute tower of strength on the “ morale” side and we 
two might have packed up before reaching Khartoum 
if it had not been impossible to let her down. Poor 
Miss McClean, I remember on one occasion Frank and 
I were summoned by her from our work bench in the 
railway works at Atbara, where we were working on the 
engine, to come to the station to meet the Governor- 
General, Sir Reginald Wingate. When we reached the 
platform, in the far distance we could see a glittering 
body of white uniformed and bemedalled officials with 
Miss McClean hovering around. We were bedecked 
with patches of pure castor oil, considered necessary for 
those air-cooled Gnome engines, and the patches had 
collected dust and sand. I do not know if we had 
shaved but our appearance did no credit to Frank’s 


sister. I remember that the platform seemed to be a 
very long one. 


Everyone throughout Egypt and the Sudan was 
extremely kind and seemed to be determined to push us 
threugh to our destination. Unfortunately, I had my 
pocket picked at Khartoum after arrival and so lost my 
notebook and diary as well as a considerable sum of 
money. What I am now writing is from pencil notes I 
made on the margins of the roll-up maps, many photo- 
graphs, and some dates and details which McClean gave 
in the “ Royal Aero Club Gazette” in May 1950. 


Francis McClean. 
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Taking the engine out at Aswan Dam. 


It is irrelevant to go over all the flights but I can 
remember certain details which may show high lights on 
McClean himself. 

During the first part of the trip from Alexandria to 
Aswan, my flight maps are missing, but when getting 
away from the big expanse of water above the Dam, the 
power was so much down that I had to get on to the 
back of the plane, or rather the floats, before Frank 
could get her off. This was a bad sign and the engine 
was only making 1,160 revs. instead of 1,200. During 
the next 40 miles, it slowed up still more and we had to 
anchor. 

It was obvious that the back row of cylinders had 
been getting seriously overheated and after another short 
trial, Frank decided to go back to the workshops at the 
Dam and take the engine right down. 

As a result of the examination, he found it necessary 
to order a lot more cylinders and other spares, which 
would have to come from Paris and would take about a 
month to reach us. We felt that a month’s hang up, 
and a prolonged spell of “ Bar to Barrage and back,” 
as Frank put it, would seriously impair our morale, so 
a trip was planned to enable us to have a look at the 
Cataract between Merowe and Abu Hamed. 

All reports on the state of the river showed that the 
Nile was lower than it had been for 50 years with the 
result that many unusual areas of rocks were appearing 
above the surface and this particular patch should be 
investigated. 

Frank’s sister came with us, we inspected some of the 
worst places and had a very enjoyable trip. 


After getting back to the Dam, reassembling the 
engine, and after a trial flight when the engine gave us 
1,200 revs., we pushed off and got to Halfa (192 miles) 
in a day, with one petrol stop. 

After a day or two we made a very early and easy 
start down stream. In an hour and a quarter we reached 
Kosha (105 miles from Halfa) where we had a petrol 
depot. We restarted within an hour and cKmbed to 
2,000 ft. After 20 minutes I could see that the river, 
which had been glassy smooth, began te show ripples 
from a surface breeze which we began to feel at our 
height a quarter of an hour later. This phenomenon we 
noticed on several occasions. Early a glassy calm; after 
an hour or so, a surface breeze starting, and 15 minutes 
later reaching the machine at 2,000 ft. At Delgo, 180 
miles from Aswan, we stopped for more petrol and it is 
a pity we did not wait till next morning. 

For the next hour the map records very tough going, 
such as “Tremendous bumps. ASI jumping from 55 
to 69; aneroid from 1,500 to 1,750 ft. in half a minute, 
down draughts of 300 ft. per minute.” At Argo Frank 
decided that it was too bad to continue and after a very 
rough descent we got caught in a minor whirlwind and 
landed heavily, doing some damage to the left wing 
tip which struck the water and broke off. 

The relatively enormous span of the wings, the 
aileron flaps only to be controlled downwards and the 
heavy floats below, constituted a calm weather aeroplane 
but not one to be comfortable in a dust devil. 

This run of 245 miles was the most we ever did in 
one day. There were no white people at Argo, but the 
Sudanese Mamur or Inspector gave us all the help he 
could and entertained us in his house most hospitably. 

After two or three days of rather comic repair work 
to the wing, we got going again, and reached Merowe 
without incidence. 

Frank’s reference to our stay “in luxury” there is 
an understatement. 

The Governor of the Province, Col. Jackson, was a 
fabulous figure and had a fabulous mansion if not 
a palace. My recollection is of a dinner for four, a 
magnificently uniformed servant behind each chair and 
on the table in front of each, a bottle of champagne, 
instantly replaced when the first one had been lowered. 
This was just what we needed to cheer us up. Jackson 
was apparently oblivious to our necessarily grimy and 
dishevelled appearance and entertained us with lively 
stories of Lord Kitchener. 

We two and Spottiswoode were housed very com- 
fortably in the Governor’s river steamer. On our arrival 
at Merowe, we were introduced to a very holy man, the 
direct descendent of the Mahdi, but I don’t think he was 
much interested. The natives throughout the trip were 
not much interested in the aeroplane as such, but were so 
in us. There was never any excited rush as there would 
have been if the situation had been reversed and a 
Sudanese had made a landing for the first time on the 
beach at Brighton. They walked straight out into any 
depth of water to give us a hand or a tow and on one 
occasion carried us and the machine bodily on shore. 

On the run to Abu Hamed we had the wind against 
us which caused some anxiety, as there was not much 
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speed to spare, but we got there after one voluntary and 
a few involuntary stops. There was a lot of engine 
missing but we could spot a good many places where 
landings looked possible. 

At Abu Hamed the river was wide and smooth but 
after an hour, we were back among a lot of rocky teeth. 
A pump broke down and we had to land, which Frank 
managed very skilfully among the rocks. After a mile 
or two of taxying on the surface we ran ashore at 
Shereik, near the railway and so, not very far from our 
main stores at Atbara. The night was spent on 
“angarebs” in straw mat shelters, which the local 
natives put up in a very short time, to shield us from the 
cold wind from the North. 

The angareb is a bed constructed of very crooked 
bits of timber with a web of string or thongs; airy and 
very comfortable. 

In the shore party was Frank’s dragoman, a high 
class Arab, named Abdul, who used to turn up in the 
strangest places and take over our welfare. 

Before Abdul arrived at Shereik, we kept going on 
the few supplies we had on the aeroplane. As a measure 
of our situation, I might recount that a sardine dripping 
with oil was dropped on the sand, picked up, brushed 
off and consumed. 

The start from this riverside camp was sensational. 
According to my map notes: “Charging between two 
rocks 20 yards apart (our wing span) against a 10 m.p.h. 
wind and with a 5 mile current, we were in the air in 
about 10 yards.” In a letter to me last year, Frank 
referred to this incident as follows :— 

“You only once I think showed a well deserved 
distrust of me, when we were getting away from Shereik, 
with rocks to the right of us and rocks to the left of us. 
I had put my foot whole-heartedly on the gas, you 
shouted in my ear, ‘Don’t change your mind.’” 

I don’t remember this at all and the map note as 
quoted above and written at the time indicates a critical 
situation handled with much determination and skill. I 
don’t remember any distrust. I always felt Frank would 
always get away with it if it could be done. 


Cleaning the propeller—at Gananita. 


_ After another short spell of an hour’s flying, both oil 
pumps packed up and we had to come down in gusty 
weather with a dead engine. Though level, the landing 
was a heavy one and some damage was done to the 
chassis and one float. 

This was near Gananita and we were carried ashore 
to an island in mid-stream by natives who appeared in 
large numbers from nowhere. All insisted on shaking 
our hands before taking any practical steps towards 
salvage. 

The situation seemed to require a look into the 
structure to check up for possible further damage and 


Coming ashore after the Gananita landing. 
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with the consent of the old Omda or chief, who was the 
owner of the island, we decided to set up a regular camp, 
getting tents and supplies from Atbara, not very far 
away, and make ourselves really comfortable. This was 
soon arranged and we were there for 10 days having 
been joined by Spottiswoode and my mechanic Graves. 

I enjoyed this camp more than Frank, who was 
getting very fed up with our snail-like progress. But 
there was never a word of anger against anyone, merely 
a grim determination to get to Khartoum somehow or 
other. 

The engine was lifted out with a pair of shear legs 
and stored in a small shelter on the extreme north tip of 
our island to avoid as much flying sand as possible. 
Wings were taken off and examined but I am ashamed 
to say that a complete fracture of the main top back 
spar in the centre section was not discovered till the 
machine was back in Shorts Works at Eastchurch under- 
going a thorough overhaul before being converted 
(doubtless at Frank’s expense) into a torpedo carrier for 
the Royal Naval Air Service. 

It was as well we did not know this as it would have 
been very alarming to think of during the rest of our 
journey. 

We left our island home on 14th March, got to 
Atbara in 40 minutes, pushed on early next morning in 
the hope of getting to Khartoum but after three-quarters 
of an hour, we heard the customary crash in the engine 
behind us. This time a connecting rod had broken. 

Landing presented no difficulty to Frank but we had 
to run ashore at a place where, owing to the unusual 
lowness of the river, the bank was 20 ft. high and very 
steep. 

The first problem was to remove the engine with no 
lifting tackle and not even a stick more than 6 ft. long 
and crooked at that. This problem was solved by 
getting the large gang of natives who appeared almost 
immediately to build a solid ramp of earth high enough 
and wide enough for a strong arm gang to draw the 
engine bodily out of its cradle and put it on an 
“angareb” with its crank-shaft sticking down through 
the webbing to keep it in place. 

The next job was to get this up on top of the bank 
and was done by turning our gang on to making a 
cutting at a slope up which the angareb could be carried. 
On top, donkeys appeared; carrying teams were selected 
and we set off in style for the railway station a few 
miles away. I remember that Frank had difficulty in 
keeping his long legs off the ground. After a few days 
in the Atbara workshops we were back and made 


another early start on 22nd March with 138 miles to go 
to Khartoum. Our average speed was 80 and at times 
the tailwind was 30 m.p.h., but the going was fairly 
good. 

The Shabluka Gorge, about which we had heard 
some alarming stories, was about half way and presented 
a very fine sight. Thousands of duck could be seen 
getting up from the sandbanks 1,600 ft. below. 

The vast area of Omdurman soon came in sight on 
our right, then the junction of the two Niles and 
Khartoum at last. Frank landed in style opposite the 
Governor General’s white palace and taxied across to 
the Dockyard, where we hauled out. 

Many kind people invited us out to dinner during 
the next few days but as guests we were poor value as 
we both invariably fell asleep after dinner. 

We dismantled the aeroplane in the Dockyard and 
despatched it to Shorts. 

It will be admitted that this was a very trying and 
arduous trip for all but particularly for Frank McClean. 
He got very exhausted and haggard but I do not recall 
a cross word to me or to anyene else. He remained his 
genial and stout-hearted self to the end. 

My last glimpse of him was at the Society of Arts 
in December 1953 when Captain Pritchard was giving a 
lecture about the Wrights. To me, he looked pretty well, 
but when I asked if he was coming to the dinner next 
day to celebrate 50 years of flying, he said that the 
insides the doctors had left him were capable of absorb- 
ing a little food but no drink, which was no way to 
celebrate the first flight of the Wright Brothers whom he 
knew and admired very much. 

I will end this lengthy but inadequate appreciation of 
Frank McClean with the first letter I ever had from 
him : — 


7th May 1909. 
“Dear Ogilvie, 

I enclose an application for membership of the Aero 
Club. Will you fill it in, together with the name of your 
seconder and return it to me. 

I have the promise of the third of the Wright 
machines which Shorts are building. They will probably 
all be ready about the same time (a couple of months?). 

Rolls, who has one, is going to be taught how to 
drive in France. I am trusting to luck and any 
experience I may get with my Short machine. 


Yours sincerely, 
F. K. McClean.” 


| 
> 
y 
( 
f 
I 
\ 
ae? 
| 
4 
A 
OF 


Fuel Systems for Gas Turbine Engines 


by 


O. N. LAWRENCE 
(Joseph Lucas (Gas Turbine Equipment) Ltd.) 


1. Introduction 


Seven years ago a paper on this same subject'’’ was 
read before the Main Society. This has been used as a 
basis from which to start. 

It will be seen that great strides have been made in 
performance, and the projects in the Design Office and 
on the drawing boards particularly, would even satisfy 
parliamentary critics. In Derby, however, where jet 
lift was conceived, such things are well known. From 
the fuel system standpoint in general the changes in 
requirements have been routine, merely much greater 
fuel demands, greater altitudes and air speeds and 
hence, a greater range of fuel flow, and it is this which 
gives the fuel system engineer his greatest worries. 
Beyond this there is always the need for smaller and 
lighter units in fancy shapes. 

Reheat was known in 1948, as it will be recalled that 
in 1944 there was a great effort to get approved systems 
fitted on Meteor aircraft to fly against the flying bombs. 
However, in 1948 interest in this was at a very low ebb. 
Now, fully variable propulsion nozzles are in service in 
the U.S.A. and even more sophisticated designs are in 
hand over there, as well as in this country. 


2. Air Intakes 


On air intakes, the picture relating to subsonic con- 
ditions was dealt with in a most lucid fashion by Mr. 
Greatrex in his paper in September 1954°’. However, 
for projected designs for future fighters flying at high 
supersonic speeds, it is essential to advance beyond 
present known frontiers into a controversial field. 

The following is an extract from a paper dealing 
with German researches in this direction, which was 
read to the Society in 1946 by Mr. Smelt’: 

“The problem of efficient conversion of kinetic 
energy to pressure at supersonic speeds is of 
course of major importance to turbo-jet or ram- 
jet power plants for supersonic speeds, when the 
pressure ratio obtainable by slowing the stream is 
sufficient to give quite an efficient thermodynamic 
cycle. A major contribution in this field was made 
by Oswatitsch, of Gottingen. He suggested that 
the normal shock which appears in the entry of a 
duct at supersonic speeds could be replaced by 
several oblique shocks across which the com- 
pression of the air would occur much more 
efficiently. 

“These theoretical expectations were confirmed 
in Germany by supersonic tunnel tests. The 


A Lecture given before the Derby Branch of the Society on 
7th March 1955. 
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maximum pressure obtained was just over 0-7 of 
the isentropic ideal, whereas at this Mach number 
a pitot tube records a stagnation pressure of only 
0-35 of the isentropic value. The significance of 
this change will be appreciated when it is realised 
that a power unit working in the duct would be 
accepting air at 20 atmospheres pressure in the 
first case and only 10 atmospheres in the second. 
The only practical difficulty with diffusers of this 
type is to design them satisfactorily for a wide 
range of Mach number. 

“The angle of the shock waves of course changes 
with Mach number, and at Mach numbers well 
away from the design value the shock waves from 
the corner no longer meet the outer lip; there is 
then a loss in compression efficiency. The 
obvious remedy of altering the diffuser shape 
with the Mach number presents quite a compli- 
cated mechanieal problem.” 


Clearly the subject of air intakes is a matter for the 
aircraft designer who must house them and see that they 
do not spoil the performance of his aircraft by inter- 
ference drag effects, air spill over or boundary layer 
separations. The engine man is concerned to make sure 
that the aircraft man gives him all the air at the highest 
pressure possible so that his engine can achieve its 
highest thrust. The fuel system engineer is a purely 
passive partner in all this, but it affects him vitally. 
Fig. 1 shows the changes in air pressures which may 
result from the use of different intakes. These curves 
are idealised and refer to the matched conditions. The 


, difficulty is that the more artistic the intake, the more 


temperamental it becomes and the more inflexible with 
regard to Mach number. 

Following Mr. Smelt, some flexibility can be intro- 
duced by arranging for the bleed-off of air similar, but 
in a more refined form, to the present boundary layer 
ducts, or by making part of the intake variable and Fig. 2 
shows one possibility. Here it will be seen the location 
of the shock wave is positioned by taking pressure pick- 
ups on either side and causing these to operate from a 
servo-system to move the central bullet in such a way 
as to keep the shock wave in the right position. 

The fuel system engineer’s interest in all this is that, 
depending upon the efficiency of the intake, the demands 
of the engine for fuel will change enormously and, more- 
over, the relation of intake temperature to pressure will 
depart even more widely from the I.C.A.N. scale, 
possibly necessitating more additional corrective action 
on the control. Fig. 3 shows the changes in fuel flow 
plotted against ram pressure due to aircraft speed. It 
will be seen that the effects of changes in altitude can be 
roughly compensated by changes in aircraft speed at 
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subsonic speeds, but at supersonic speeds, as a result of 
the low intake efficiencies, changes become much more 
marked. 

But even this is not the most important feature. The 
surge or stall of a blower on an engine is an aerodynamic 
effect, which may be caused by, or controlled by, the 
supply of fuel to the engine. A similar surge may be 
induced in the air intake of a fast flying aircraft. More- 
over, if it is variable, then it may join in a dance with 
the fuel controller, the engine, the variable propulsion 
nozzle and the reheat flow (as reheat is almost certainly 
being employed). 

The only way of overcoming such problems would 
appear to be by considering from the outset all the 
various actuating mechanisms and designing them 
deliberately to avoid trouble; otherwise, however perfect 
each mechanism might be, the odds are that somewhere 
in the range of operating conditions it will inter-act and 
resonate with one of the other controls. 


3. General Control Considerations 


At this point some terminology will be referred to in 
case anyone is not familiar with it. Fig. 4 shows two 
systems; the top one is a simple open loop. As can be 
seen, there is a pilot’s operating lever here and operation 
of the lever causes a flow to be supplied to the engine 
and, whether it likes it or not, it must digest that supply. 
That is what is called an open loop system because the 
engine has no reaction on to the fuel supply. In the 
second system, which is typically a speed governor 
system or a temperature control, the pilot moves a lever 
showing that he requires a certain speed or temperature 


and the controller operates to give the engine more or 
less fuel until the desired setting is achieved. This 
system, which is sometimes termed error-ccrrecting, has 
become more generally known as a closed loop system 
inasmuch as the engine is closing the loop and is itself 
modifying the fuel supply from the controller. This 
means that it introduces the possibility of instability, 
whereas by definition an open loop or scheduling system 
should be stable (although it is well known that 
vibration effects, setting up mechanical resonances in 
the unit, or internal closed loops in the control in the 
form of internal servo-systems, may give trouble). The 
introduction of variable air pressure, whether due to 
intake “ buzz” or because of the mechanical movement 
of intake parts, is particularly distressing to the fuel 
system engineer who has got used to feeling that a 
barometric control was an open loop system and there- 
fore his guarantee of stability. But the scheduling 
control is now a closed loop system and he is left with 
the feeling that he has been robbed. 


3.1. FLOW RANGES 


Having dealt so much with fuel flow range, this 
section is concluded with some flow ranges for Russian 
engines; it is felt that some of the figures will approxi- 
mate to our own. An overall flow range between high 
speed low level flight and lowest possible idling speeds 
may be around 100: 1. Of this a 10: 1 change in 
fuel flow may be arrived at by changes of r.p.m. at 
ground level and constant aircraft speed. The effect of 
changes in altitude and/or aircraft speed may account 
for a 20:1 range. The acceleration control must 
operate accurately over a range of 30: | in flow. 


3.2. MULTI-SHAFT ENGINES 


A big change in the jet engine since 1948 concerns 
the popularity now of the multi-shaft engine, whether 
this be like the Conway, the Olympus, the Pratt and 
Whitney J.57 or others as yet unmentioned. The 
division of work between the first and second stages of 
compression varies for different ambient temperatures. 


FIGuRE 2. 
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This requires special attention and over-ride controls for 
speed are needed on both shafts. - 

A lot is known of such engines already and they are 
flying satisfactorily although so far with simpler types 
of fuel system. When, with further experience, more 
complicated fuel systems are employed to control the 
parameters accurately under varying air temperature 
conditions, some considerable period of development 
testing and even teething troubles may be anticipated. 
The more accurately one tries to control the engine, 
obviously the more difficult it is going to be. 


3.3. TURBO-PROPELLER ENGINES 

The turbo-propeller engine is rather a different 
animal from the jet engine. The development and wide- 
spread applications of the Viscount aircraft with the 
Dart engine is one of the triumphs of British engineer- 
ing over the past few years. As regards the simple 
“compressor turbine ” or “ work turbine ” engine, little 
has changed in basic concept since 1948. What to do 
was known, but not, perhaps, how to do it. A revolu- 
tionary idea, that of a temperature controlled propeller, 
is still now attractive in theory; although in fact 
experimental tests were started at that time, the sheer 
concentration of development in the past on the C.S.U. 
system prevented full consideration being given to it. 

One of the basic differences between the turbo-jet 
and the turbo-prop becomes evident when one considers 
the multi-shaft cycle again, with the L.P. shaft driving 
the propeller. For the purposes of comparison, con- 
sider a propeller in fixed pitch; obviously the nearer the 
engine matches with such conditions under varying 
ambient temperatures the better, even though a C.S.U. 
will be used in practice. In cold weather it takes more 
horsepower to turn the fixed pitch propeller at any given 
speed. On the other hand, as mentioned previously, in 
cold weather the L.P. turbine of a multi-shaft engine 
produces relatively more power for the same h.p. shaft 
conditions. These two effects tend in the same direction, 
although how well they match must depend on the 
particular design. So far as the pilot is concerned, he 
still has less power from the engine on a hot day when 
he most wants it. Boost methods of water-methanol 
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FIGURE 3. 


injection, reheat, or reheat assistance are necessary, if 
the high take-off thrust is to be maintained. 


3.4. FILTRATION 


The requirement that the fuel system shall deal with 
dirty fuel, also containing water and hence, under cold 
conditions, ice, is not new. Work on this aspect has 
gone ahead over the years and now by the use of kinetic 
valves and velocity clean filters, it is felt that progress 
is being made. This latter unit, the velocity filter, is a 
method of obtaining a relatively small bleed of clean 
fuel for servo or other purposes and allowing the pas- 
sage of the main flow to maintain the filter clear. How- 
ever, with all the precautions the burners have still to 
be protected and at the present time it seems to be 
impossible to avoid reasonably small holes in the pilot’s 
burners for dealing with the small flows at altitude—at 
any rate on the smaller breed of engines. Against the 
menace of ice, one favoured method is to recirculate fuel 
over the filter, taking fuel from a chosen spot where, 
because of the action of fuel oil heaters or because of 
the work which inevitably has to be done on the fuel, 
a rise in temperature is engendered; by recirculating this 
hot fuel over the filter, de-icing can be arranged quite 
conveniently. 

So much for the new factors and demands: now 
what is the fuel system man doing about all this? 


4. Pumps 

Consider first the question of size; here Fig. 5 is of 
interest as it shows the comparative sizes for an air- 
driven centrifugal pump against a piston pump. The 
piston pump design is the well-known double “D” 
pump, with a fuel capacity of around 3,000 galls. /hr. 
The C.F. pump will deliver something over 5,000 
galls./hr. with the pressure flow characteristics which 
are seen in Fig. 6. The advantage of the C.F. pump is 
not confined to the size or bulk of the unit; there is the 
convenience of installation, for it is not necessary to 
have a drive and the pump does not have to be placed 
in the particular position on the engine where a drive 
can be got to it; an air pipe can be led round corners 
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FIGURE 5. 


as wished. In addition this type of pump can swallow 
quite large quantities of dirt without any difficulty. 
Turbo C.F. pumps are well established for the supply 
of reheat flow, where a lot of fuel is required and the 
engine is running at a high speed anyway, with a high 
air pressure. The use of such pumps for supplying the 
main engine fuel supply is now being explored. Again 
there is the great advantage of the installation features. 
There is, however, one point which rather frightens 
people and that concerns the air bleed, because when a 
large amount of fuel is being pumped the amount of 
air needed and the h.p., if worked out, appear to be 
quite large. On the other hand that is rather a measure 
of the size of the engine, for whatever form of pump is 
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used, it is found that something of the order of 150 h.p. 
is needed to drive it. For the turbo-pump, the per- 
centage air bleed required is probably something under 
one per cent. of the total air flow, and therefore if it is 
completely wasted, a penalty of one per cent. in thrust 
may be paid. However, by directing the air flow 
properly, it will probably be possible to get some of that 
loss in thrust back. To cater for idling conditions of 
relatively high pressure at low r.p.m., a separate pump 
may be necessary. 


5. Burners 


Jumping to the other end of the fuel system, mention 
should be made of burners for, by setting the pressure 
level of the entire fuel system, they have their influence 
on its design. Attention must be drawn here to the 
excellent work done in Derby on this problem and the 
inspiration which it has given to everyone in the field. 
The duple burner is a particular case in point, where 
although research units had been made previously, it 
was as a result of the efforts and development of a 
suitable unit at Derby that it has come into the wide- 
spread use that has now been achieved. That was 
some years ago. Equally important researches and 
advances have been made more recently, but that work 
is outside the scope of this paper. Suffice it to say that 
it seems as though the combustion engineers may be 
served with the right consistency of atomisation of fuel 
within a reasonable fuel pressure range. However, when 
talking about these large fuel flow ranges, pressure drops 
other than the burner become important, and it is 
unfortunately true that in spite of the reduced pressure 
needed for the burner, fuel pressures will, it is thought, 
have to be retained at nearly the 1,500 p.s.i. maximum 
level to cater for other inevitable pressure drops of the 
system. 

In passing, a small, rather academic point of interest 
is mentioned. The basis of the atomisation work is that 
it is the relative motion of the fuel and the air which 
leads to atomisation. From arguments based on gas 
kinetics, the author has been convinced for some time 
that it is the viscosity of the gas, into which the fuel is 
injected, which is of importance and nothing to do with 
the density. Consequently, changes of altitude would 
not be expected to be of much significance because 
viscosity is dependent on the air temperature and not 
on the air pressure, at least up to an altitude of, say. 
nearly 100,000 ft. It is unlikely that pressures equiva- 
lent to the ambients at 100,000 ft. will be used in com- 
bustion chambers. If flying at this altitude, there will 
normally be either ram and/or blower pressure rise to 
assist—otherwise combustion of any sort is going to 
create problems. ©n the other hand, what goes on in 
the combustion chamber may be vastly different from 
what is experienced in a cold test chamber, for obviously 
when a lot of fuel is being burnt, the air there will be 
at a very different temperature and therefore, viscosity. 

That is academic, however, for presumably the 
burners can still be arranged in an order of merit by 
means of these cold tests on atomisation, and this order 
of merit will not be altered when the viscosity of the 
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gas is altered, which merely means that the atomisation 
in the chamber will actually be better than would be 
imagined. 


6. Controls 


It is not possible to do justice to the whole control 
system field in this paper, but it is felt that details should 
be given of one line of investigation over the years. 
Although this is a promising line which is continuing, it 
should not be thought that it is the only line to the 
exclusion of others. 


6.1. ACCELERATION CONTROLS 

Starting with the acceleration control, it is well 
known that there is the need for a transient control to 
control the engine during accelerations to prevent stall 
of the blower, or under altitude conditions, flame extinc- 
tion, over-heating and so forth. This is in addition to 
the steady running control. Much has been said about 
the use of different forms of closed loop systems for 
acceleration controls, that is, temperature control, 
pressure ratio control and so forth. When these work 
they are certainly ideal and, in time, units of this type 
will arise which will challenge the blower pressure or 
scheduling type controller, which is at present in com- 
mon use; but even this system is also undergoing 
development. The two types will have to be developed 
concurrently for a little longer. 

Meanwhile quite a lot has been learnt about 
accelerating conditions by the use of special instrumen- 
tation. Typical curves in Fig. 7 illustrate the conditions 
appertaining to: (i) such a slow acceleration that it repre- 
sents virtually steady conditions, (ii) a fast (under 7 
seconds) acceleration and a so-called “hot” acceleration. 
These curves give a measurement of what has been 
known for a long time: that, depending on how the 
acceleration is done, the engine can be made easy to 
accelerate or very critical indeed. Although all the 
answers are not known, it is known that if the engine is 
run under maximum speed for three minutes, so that 
everything gets hot, and is then shut down and at a 
pre-determined time later (45 seconds), the throttle is 
opened suddenly, a very critical condition will have to 
be met. That is what is meant by a “ hot” acceleration. 
Another factor to bear in mind is the influence of tem- 
perature. Going through the necessary non-dimensionals 
on the blower, it can be seen that temperature does come 
into this question and on a hot day one is nearer the 
stall line; the engine cannot accept the same quantity 
of fuel at a constant blower pressure condition or at 
a constant r.p.m. 


6.2. COMBINED CONTROLS 
6.2.1. Development Ideas 


It has long been recognised that there would be 
great advantage in space and so on if the acceleration 
control could be combined with the steady speed con- 
troller. An early design is based on the old F.R.F.C. 
having two plungers in series in the fuel line with the 
pressure drop across the two maintained by a pressure 
drop unit (see Fig. 8). The normal atmospheric pressure 


control system was left undisturbed, but a second servo- 
valve was introduced to control the same altitude 
plunger. A separate capsule, subjected to P2, worked 
this servo-valve and provided the acceleration control. 
However, this unit was never made. 

Some years later the next design appeared, which is 
shown in Fig. 9. This was an ordinary kind of accelera- 
tion control as is used on the RA.14, with the pressure 
drop across it controlled by a governor instead of being 
a constant value. This was done by means of a double 
spring arrangement with stop settings in the position so 
that the pressure drop was controlled between two limits; 
firstly the maximum pressure drop which gave the maxi- 
mum flow permissible, that is the ordinary acceleration 
setting, and secondly the minimum pressure drop which 
was set when the spring was completely unloaded and 
that gave an under-fuelling control. Now it seems inevi- 
table that with an all-speed governor, such an under- 
fuelling control must be used. A sharp cut-off of fuel is 
essential on these engines, if there is not to be a very 
great change in engine speed purely because of a change 
in air temperatures. Then on deceleration, the governor 
will come fully into operation and cut off the flow and 
put the flame out, so there must be some minimum 
fuel flow device to prevent this. 

The pressure drop mechanism was under the control 
of an all-speed governor, which varied the servo-valve 
position, and so the steady running position was main- 
tained between an under-fuelling and an over-fuelling 


limit. A very nice control of the engine is possible, 
—— FAST COLO ACCELERATION 7SECS / / 
SLOW COLD ACCELERATION | / 
STEADY : 
MAr—— STALL 
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FiGureE 8. Combined flow and fuel air ratio control. 


merely by controlling the air/fuel ratio by setting the 
pressure drop manually over the top range of engine 
r.p.m. However, like many things over the mid-speed 
range, a point is reached where the control line becomes 
more nearly parallel with engine requirements and 
instability, or actual cut-out, occurs. On one particular 
engine where this was actually tried, there was a dead 
zone, where it was possible either to idle or run at a 
considerably faster speed; there was an intermediate 
dead zone which could not be maintained where the 
engine would just wander one way or the other. 
Arising out of this system and further development 
work, a control was evolved which gave excellent steady 
running conditions, rapid accelerations and smooth take- 
over to a steady speed, as will be seen from the oscillo- 
graph in Fig. 10. In fact the system differed rather 
from this one, inasmuch as the over-fuelling and under- 
fuelling were retained, but for various reasons the all- 
speed governor was taken away from that unit and was 
made to work on its own as a pure all-speed governor. 
However, in the light of our present knowledge, there 
might be a return to the original conception, if this were 
tackled again. This control was unfortunate, because it 
had already been exhibited to a number of engine manu- 
facturers and the performance was agreed to be very 
good, but unfortunately it employed a_ hydraulic 
governor. Just at the time when the stage was reached 
where it was felt that “‘ the boat could be pushed out,” 
the use of wide-cut fuel was introduced. The difficulties 
which have arisen from the use of wide-cut fuel in place 


of kerosine, the change of density between the two and 
the effect it has on governors are well known; it is not 
necessary to elaborate on that, except that operation on 
the variable datum system was suspended while an over- 
ride governor system based on a mechanical bob weight 
was devised. This is referred to again. 


Reverting to the control system story as a whole, 
recently Mr. Ifield returned from Australia with an 
elegant combination of the acceleration and _ steady 
running control, which has many points of similarity to 
the system described, but he introduces a degree of 
temperature compensation to the acceleration control 
which would appear to be of great value. Moreover, 
the steady running control is a proper governor unit, 
that is it should maintain a speed constant within small 
limits, but it does so in almost a scheduling control 
manner. Obviously there is very great merit in this 
scheme, but it does need further study and experimental 
work. The steady running control and the acceleration 
control are so intermingled that the setting of either is 
affected by the other and the best compromise may not 
be quite adequate. In saying this, it is essential to be 
quite certain which engine is concerned; whereas a 
perfect fit may be obtained with one engine, it will not 
be quite so easy on another engine, and the engine must 
be specified to see how this will work out. Whatever 


this question of combination, it can be said that the 
scheme as a whole has merits which would make it 
attractive, even if the two functions had to be split and 
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the acceleration and steady running features still 
retained as separate items. 


6.2.2. Existing Control 


In this line of development the existing production 
control unit, the proportional control or P.F.C., has been 
completely ignored. This unit, its virtues and its vices, 
are as well known in Derby as they are in Birmingham. 
After a chequered and anxious beginning, it is now 
starting on a glorious career. The unit is shown on 
Fig. 11 and the following is a brief description of its 
operation. The unit consists in the first place of an 
acceleration control, which has a plunger in the main 
fuel flow line, and the pressure drop across this plunger 
is retained constant. The position of the plunger is 
determined by blower pressure, because blower pressure 
acts in chamber A on the capsule to incur a force on 
this lever which is pivoted and is balanced by a certain 
force on the spring B. If the force is not balanced by 
the spring, then the servo-valve C opens and that bleeds 
the pressure from behind the piston. For example, the 
servo-valve operates, the servo-flow is bled away and 
the piston retreats, opening the metering orifice and 
increasing the tension in the spring. In this way an 
increase in blower pressure opens the area of passage 
through the valve. A linear law of flow against pressure 
is not good enough for modern axial engines and there- 
fore a pressure switch has to be brought in, which is a 
device D which works in relation to pressure ratio. 
Blower pressure is opposed to an evacuated capsule and 
another pressure, and a pressure ratio action is then 
obtained which causes the capsules to move and opens 
or Closes a valve E. 

It will be seen that in one position the capsules sit 
down on the orifice E and close it off. When the 
pressure ratio changes, they open and thereby unblock 
the orifice. The bleed from the engine blower pressure 
goes along this pipe through one orifice and then to this 
chamber where it is connected to the acceleration control 
and then, through the second orifice. If the valve is 
closed, obviously full blower pressure exists everywhere 
up to the valve, and so surrounds the capsule in the 
acceleration control. If, however, the valve is opened, 
there will be a flow through this orifice and through the 


valve; consequently, there will be a pressure drop in the 
chamber around the capsule, and therefore less fuel will 
be permitted to the engine at this time. That is the 
broad principle of the control. 

Passing on from the acceleration control, the manual 
throttle valve in the line is formed by a sleeve with a 
succession of drilled holes, with a rotating mask which 
uncovers the drilled holes as required. Flow goes past 
this and straight on to the flow distributors to the 
burner. The control is exercised by keeping the 
pressure drop across this throttle valve to an appropriate 
figure, and in doing this, use is made of a secondary flow 
which goes through a fixed orifice, and is then led to 
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Ficure 10. Variable datum governor with acceleration and 

under-fuelling control. Dual pump installation, Nene II. The 

first three graphs show step changes, and the bottom one full- 
scale acceleration. 
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FIGURE I1. Fuel system 


the underside of this diaphragm. It will be seen that 
the top side is in connection with the downstream side 
of the main throttle valve and since the little port in the 
middle is of insignificant area, the two pressures are 
maintained constant. If there is any unbalance in 
pressure, it causes the diaphragm to move and open or 
close the little port in the centre, and thus alters the 
secondary flow. 


This secondary flow is therefore a certain proportion 
of the main flow at all times, the proportion depending 
on the degree of opening of the throttle valve. The 
secondary flow is then led to a valve, where there is an 
orifice which is made partly out of a fixed restriction 
and a moving piece, so that by profiling appropriately, 
a desired relationship between the pressure drop across 
this little orifice and the flow through it can be obtained. 
It can be said that the pressure drop is a function of 
the secondary flow, and is therefore a_ function, 
dependent on throttle valve setting, of the main flow. 
The pressure drop is balanced by this means against a 
capsule and any unbalance between the atmospheric 
pressure operating on the capsule and the pressure drop 
operating on this diaphragm causes a valve to open and 
control the delivery from the pump. 

In some respects it is easier to think of the working 
of the control the other way round. It is obviously the 
atmospheric pressure which determines what the 
secondary flow should be, and the secondary flow sets 
the servo-system and therefore calls for the right require- 
ments from the fuel pumps, which then works back 
through the throttle valve mechanism; that is the general 
method of operation. 

For engines nowadays, however, a scheduling con- 
trol by itself is, in most cases, not sufficient; it is 
desirable to have some form of closed loop control and 


with proportional flow control. 


all-speed governor to maintain the speed constant or 
perhaps temperature control in addition. 

There are difficulties in merely using an all-speed 
governor control, because it has been found that under 
altitude conditions one does not really want to idle at 
low speeds, and that means when the all-speed governor 
has been made, it has to be over-ridden with altitude to 
allow the idling r.p.m. to increase. Moreover, it is then 
necessary to alter the throttle shape so that movement 
is not restricted to } in. between idling and full speed, 
which is perhaps the sort of thing that would be 
expected with a pure closed loop control. In this case 
there seemed to be a lot of advantages in a trimming 
control, so that a scheduling control is used over the 
low r.p.m. range with this system to obtain the idling 
r.p.m. required. The effects of temperature on the idling 
r.p.m. are not very important, so that the scheduling 
control is perfectly all right for that. At the top end of 
the range the scheduling control can be set so that it 
caters for cold conditions and there is the speed governor 
or temperature control to trim to the particular condi- 
tions required. 

This is achieved with the P.F.C. in the following 
way. A fixed orifice in the secondary flow line was 
mentioned, which was in parallel with the main throttle 
valve and incurred the pressure drop which was the 
same as that through the main throttle valve. If this 
secondary flow orifice is made into a variable one under 
the control of the closed loop system, there is such a 
control; it will be seen that in this case there are two 
little half ball valves which are controlled in the one 
case through a solenoid temperature control, and in the 
other case by this swinging link mechanism as a speed 
governor, and by their operation they will thus alter the 
effective area of the secondary flow orifice and therefore 
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trim the operation of the proportional control. The also subject to another force due to the fuel pressure 
hydro-mechanical governor is arranged to give a fuel acting on a small diaphragm, and this fuel pressure 
pressure in this line proportional to the square of the opposes the C.F. force. Accordingly, a balance is set up 
speed at which the engine is running. By putting this between the fuel pressure difference and the C.F. force, 
pressure across the diaphragm and altering the spring determining the opening of this orifice. Once again it is 
tension a speed control can be arranged and it happens what is known as a potentiometer system, inasmuch as 
that a convenient way is by having a swinging link, as it fuel is led in through a restricted orifice, which for the 
is called, to alter the angle of inclination of the spring moment is considered as fixed, and so with one duct 
and so alter its effective force. leading to the back of the diaphragm piston and the 
main passage leading to the orifice. If the fuel pressure 
6.3. DENSITY FREE GOVERNORS rises too high, it will work on the diaphragm to open 
Turning now to the question of governing, the hydro- the orifice and so cause a greater flow of fuel down this 
mechanical governor and how it is unaffected by the line and the fuel pressure to drop; conversely, with too 
density of the fuel has been mentioned several times. low a pressure, the valve will shut and the pressure will 
Fig. 12 shows its principle of operation. In designing rise. A tapping can be taken from there and led to 
this unit, account was taken of another factor; it seemed whichever control units desired. The second point is 
as though there might be other services which required the size of this orifice, which was first considered con- 
a speed signal for their operation. Accordingly, the stant. It is in practice a variable one, which gives 
general design is arranged not to provide a governor control of the rate of the unit. 


solely, but to provide a fuel pressure which is uniquely 
determined by the speed of the engine irrespective of 


the type of fuel. 7. Reheat 

There is a mechanical drive on this end, rotating an As mentioned earlier, reheat fills a prominent place 
assembly which includes a weight which is pivoted on on modern engines. Control systems for reheat at the 
a strip hinge. This weight co-operates with an orifice present time may virtually be divided into three systems 
and by its movement axially would open or close that for a simple engine, first of all dependent on jet pipe 
orifice. Because the weight is offset from the hinge pin, temperature of the main engine, on the pressure ratio 
an increase in speed and therefore C.F. force will tend to across the turbine for the main engine—these two are 
close this orifice. The position of the weight axially is closed loop systems—or by means of scheduling the 
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FiGure 12. Schematic diagram of hydro-mechanical governor with rate re-set. 
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fuel in proportion to blower pressure—a_ fuel/air 
ratio system. Most experience so far in Great Britain 
has been in connection with two position nozzles. 
Regrettably, the complexity of infinitely variable nozzles 
seems inescapable for performance reasons. In this case 
with so many variables to hand which require con- 
trolling, it would seem to invite instability to use closed 
controls in all cases, even if this were possible; there 
will be no penalty in using a scheduling one. Schedul- 
ing may be performed either by manually scheduling 
the position of the final nozzle using a closed loop 
system, say a temperature control, on the reheat flow to 
correct for any minor errors due to the scheduling not 
being quite right; or one may use a fuel/air ratio 
control to control the reheat flow with the closed loop 
system working on the nozzle. The fuel/air ratio 
control is practically identical to that used on accelera- 
tion as an acceleration control, but is provided with a 
manual control of pressure drop or air potentiometer. 

The picture is complicated by operational require- 
ments for a quick light-up and quick availability of extra 
boost; moreover there is the difficulty that even if the 
reheat pilot is lit, a too-rapid opening of the jet pipe 
nozzle at altitude may blow the flame out, while a too 
slow opening will quickly cook the engine. There may 
then be some advantage in using two scheduling 
controls, one on the reheat flow and one on the nozzle, 
but including a closed loop possibly on the nozzle as 
an error-correcting device which moves quite slowly and 
thereby corrects errors due to the scheduling system but 
does not incur any risks of instability. 


8. Servo-Mechanism Analysis 


At the start of the paper potential difficulties were 
foreseen in the future arising out of the interaction of the 
various controls. For some time now work has been 
undertaken in applying the theory of servo-mechanisms 
to gas turbines and their fuel systems. The value of 
these techniques has been amply demonstrated in radar 
and gun laying work, but the most impressive arguments 
were given in a paper to the Anglo-American Confer- 
ence at Brighton’. A film was shown indicating how 
an experienced test pilot could not stall a light aeroplane 
without dropping a wing. A gadget, however, in the 
aeroplane based on servo-mechanism theory and the 
most crude of test information was fitted and proved to 
control the aeroplane beautifully throughout a stall 
descent. 

On Figs 13 and 14 there are two pictures, the top 
one depicting the relationship of speed to jet pipe tem- 
perature and the bottom, of jet pipe temperature to 
fuel flow. The abscissa is in all cases frequency. On the 
left hand side is seen the phase lag in degrees, while on 
the right hand side are seen the gains comparable with 
them; that is, so many °C. jet pipe temperature are put 
in and a resultant change of so many r.p.m. is obtained 
that is obviously at the correct phase angle after the 
initial signal. The important point to note here is that 
the signal from the thermocouple cannot be used directly 
for estimating lag—a correction for the lag of the 
thermocouple itself has to be made—and in the top 
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Ficure 13. FiGureE 14. 


case the lag is additive and therefore the speed lags by 
a greater angle on the temperature than the measured 
figures. 


It can be shown quite readily that for small changes 
of r.p.m. there should be a pure integral effect and 
therefore a 90° phase lag would be expected, but where 
large changes occur other factors come in which make 
it non-linear and so forth and the system does not 
behave as pure integral. This is well brought out in 
Fig. 14, where it will be seen that at high frequencies a 
lag of virtually 90° is measured, because at the high 
frequencies the inertia is such that only small changes in 
r.p.m. occur, but at low frequencies where this is not so, 
the lag drops very appreciably, down to 30° or so. 


The bottom curve is rather what would be expected; 
there is no significant lag between the injection of the 
fuel and its appearing as temperature downstream. In 
fact this picture is included more to justify the accuracy 
of the correction for the thermocouple which is obtained 
by separate experiments, than for any other reason. 


Before passing off this question of servo-mechanism 
analysis, there is the point that with the simpler engines 
there was, of course, no object in going to the 
complication involved in undertaking servo-mechanism 
analysis, at any rate not recently because more has been 
learnt about them and the problems can be solved with- 


TABLE I 

Jet 

anal 1948 1954 
Reheat Fuel System — 2-45 300 — 
Main Fuel System 42 44 6 “72 3:36 3:08 45 
Ignition 32; 25 Oz 0:764 0°55 0:48 
Lubrication 1-4 1-2 0-359 1:03 1:8 
TOTAL 11-1  10°5 10°1 10-433 10-84 8-98 
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out the need for this technique; but in the future, with 
the greater number of variables, it does seem as though 
some kind of help will be needed. It is merely the same 
considerations which have to be borne in mind, as were 
taken into consideration in solving earlier problems, but 
by looking at all the relevant parameters it may be 
that the answer can be obtained much more quickly than 
otherwise would be the case. It is purely an additional 
tool and it is felt that it must be backed to the hilt by 
practical experiments on the actual component; to 
depend purely on servo-mechanism technique without 
practical experiments would be very unwise. 


9. Weight Comparison 


Table I is a table of weights of gas turbine accessory 
systems, which was included in an earlier paper and is 
now extended to include particular examples of modern 
engines. In some cases the figures relate to new com- 
ponents and are design estimates rather than achieved 
figures, but a fairly conservative approach was adopted, 
so the end result should not be much in error. The 
size of the engine will have some effect on the percentage 
weights, and the general rise in thrust ratings may have 
assisted in providing the favourable trend shown—a 
kind of inverse square cube law. 


10. Conclusion 


The author would like to thank his Company and 
the Ministry of Supply for allowing the paper to be 
presented. Clearly the story and the subject matter have 
only been compiled as a result of the combined work 
of a great team with Dr. E. A. Watson at the head, Mr. 
R. J. Ifield, Tom Harris, who is no longer with us, 
Joe Righton, and many others, including my colleague 
Eugene Warne. 
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The Treatment of Damping Forces in 
Vibration Theory 


by 
R. E. D. BISHOP 


(Engineering Laboratory, University of Cambridge) 


SuMMaRY: This paper is the first of a series of three which are concerned with the subject of 
“hysteretic damping.” This type of damping, in a simple system with one degree of freedom, 
is like the familiar “ viscous damping ” in that it implies a resisting force which is in phase with 
velocity; but it is unlike viscous damping in that the magnitude of the force is not proportional 
to the velocity but to the displacement. When a system has n degrees of freedom, hysteretic 
damping implies that damping forces exist which are proportional to relative displacement but 
which are in phase with relative velocity. 

From a physical standpoint, hysteretic damping may give a better representation of the 
facts when the damping arises from the internal friction of solid materials. On the side of 
theory, it raises considerations which it is the purpose of these three papers to elucidate. It 
may be said, at the outset, that the notion of hysteretic damping raises no great mathematical 
difficulty; on the contrary, a main reason for presenting the theory is that it appears to allow 
of a much simpler discussion (than does viscous damping) of the nature of steady damped 
oscillation of systems having n degrees of freedom. 

In the first paper, the purpose is discussed of mathematical theories of damping in vibra- 
tion theory. It is concluded that the theory of “ hysteretic damping” is a useful one since it 
provides an alternative to the fiction of “ viscous” damping while retaining the mathematical 
linearity of equations of motion. The word “ hysteretic” is proposed for use in this sense 
instead of the previously used adjective, namely “ structural.” “Complex damping” is related 
to hysteretic damping in a way which is explained. 

The theory is given for forced oscillations of a system with one degree of freedom. It is 
shown that free vibration cannot be treated satisfactorily unless the definition of hysteretic 
damping is widened in some way to cover non-harmonic motion. 


1. Introduction 

When a mechanical system vibrates, energy is 
dissipated due to the existence of damping forces. 
These forces are complicated and unknown. If, there- 
fore, it is required to incorporate damping in vibration 
theory, it is necessary to devise some approximate 
means of doing so. That is, a mathematical theory 
must be formulated by which the damping is treated in 
some incomplete manner. 
Now if the applied excitation and the response are 
(at least approximately) harmonic, then the mathe- 
matical treatment of the damping should ideally fulfil 
certain conditions. These are that the amplitude and 
phase of the response and the energy dissipation per 
cycle should be related correctly to the amplitude and 
frequency of the applied forces. On the other hand, it 
is quite unimportant, for the purpose of vibration 
analysis, that the type or intensity of the damping forces 
shall be even approximately represented. 
Mathematical tractability is also an_ essential 
requirement of the theory of damping to be used in a 
given problem; to achieve this, it is usually necessary to 
sacrifice accuracy in representing the physical be- 
haviour. Generally speaking, very considerable 
advantages may be gained by the use of a damping 
theory which preserves the mathematical linearity of 
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the equations of small motion. There are two distinct 
theories of this sort in existence, one being that of 
“viscous damping” and the other that of “ hysteretic 
damping” and the present paper is concerned mainly 
with the latter. 

Consider the problem of a particle which is 
suspended by a light spring having a viscous damper in 
parallel with it. According to the viscous damping 
theory, harmonic oscillation of the mass brings into 
being a damping force which is proportional to, and in 
phase with, the velocity. This notion may be used in 
the treatment of more complicated systems and the 
resulting vibration theory is both well known and 
highly developed. 

If, instead of the viscous damper, the spring has in 
parallel with it a hysteretic damper, harmonic vibration 
of the mass is supposed to bring about a different 
damping action. The damping force is now propor- 
tional to the displacement of the mass but is in phase 
with its velocity. This alternative idealisation is by no 
means new. It has been used for many years, mainly 
in connection with aircraft flutter problems, and a list 
of publications in which it is used prior to 1937 is given 
by Duncan and Lyon”. Recently a book on the 
flutter of aircraft has appeared™ in which extensive use 
is made of the concept. The theory has been called that 
of “ structural damping ” but it seems that a new name 
is desirable since the adjective structural is often used 
when a far wider meaning is implied. Accordingly, the 
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FiGure l(a). 


name “hysteretic damping” is proposed and will be 
used in this paper. 

A theory of “complex damping” has won some 
acceptance in recent years“. This has been thought to 
differ from that of hysteretic damping; but it may be 
shown that, in fact, the supposed differences do not 
exist, being due to differences of interpretation. 

The theory of hysteretic damping will be explained 
in this article as it applies to simple systems with one 
degree of freedom. This has been done before, but the 
author believes that a fresh statement of the funda- 
mentals is desirable since certain features have not 
previously been made clear. Also it is proposed, in 
later articles, to show how the theory can be extended 
and a general theory of small, hysteretically-damped 
vibrations obtained. This may be derived from an 
adaptation of Lagrange’s equations and is comparable 
with the classical theory of viscous damping. It seems 
best to separate this first simple portion from the later, 
more mathematical, treatment. 

The importance of this theory of hysteretic damping 
is, in the first place, that it provides a second linear 
theory which may fit experimental observations more 
accurately than does the viscous theory in a given 
problem. There is no likelihood that any usable 
mathematical theory will give an exact representation 
of damping forces. Therefore, it is highly desirable 
that the engineer shall have available as many theories 
of this sort as possible in order that he may select the 
most suitable one for any given problem. In the 
second place, the theory opens up a way of treating 
damped multi-degree-of-freedom systems more simply 
than does the notion of viscous damping. 


Notation 


coefficient of viscous damping 
energy dissipated per cycle 
amplitude of applied force 
restoring force 

coefficient of hysteretic damping 
v(—1) 

stiffness 

mass 

magnification factor 

amplitude of displacement 

ratio of maximum departures of successive 
swings in the same direction 


— 
A k 
FiGurE 1(b). 
t time 
X complex amplitude of displacement 
x displacement 
receptance 
» phase angle 
p dimensionless measure of damping=h/k 
© frequency of excitation (but see Section 4) 
natural frequency = /(k/M) 


2. Viscous and Hysteretic Damping in an 
Anchored Spring 

Figure l(a) shows a light spring which has, in 
parallel with it, a viscous dashpot whose damping 
coefficient is b and whose purpose is to allow for energy 
losses within the spring. If the instantaneous stretch of 
the spring is x, the total force resisting further extension 
is 


Let the extension of the spring be given by 

so that 

f=kRsinwt+boRcosot. (3) 


When the spring of Fig. l(a) has a harmonic 
extension, as has been supposed, it is sometimes con- 
venient to refer to it as having a “ complex stiffness ” 
(k+ibw). The total effect of the spring-and-dashpot 
combination is to produce a restoring force which is 
given by the product of its complex stiffness and its 
extension; that is to say 


where © is the frequency with which x varies. That 
the stiffness is complex implies that the force f is not in 
phase with x and this accounts for the dissipation. This 
notion of a complex stiffness is most useful when the 
damping force that is exerted by the spring is attribut- 
able to hysteresis losses in the material of which it is 
made; for both the stiffness and the damping are 
governed by properties of the material and the complex 
stiffness allows both to be specified in a_ single 
expression. 

The relation between f and x is expressed in para- 
metric form by equations (2) and (3) and the shape of 
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FIGuRE 2. 


the (f, x) curve may be seen by eliminating ¢ between 
them; thus 


. : (5) 


The positive sign in this equation must be used when 
cos © f iS positive since the contents of the radical are 
never negative. The curve is shown in Fig. 2 and is a 
closed loop which is traversed in the clockwise 
direction*. The area of this loop is 


E= fax- | (KR sinwt+boR cos ot) R cos wt dt 


0 
and this expression reduces to 


This is the energy dissipated per cycle at the dashpot. 

It will be seen on inspection of Fig. 2 that, if the 
frequency » is diminished and the amplitude R is 
unaltered, the loop becomes thinner and E becomes 
smaller. This is not in accordance with the behaviour 
of most springs where the dissipation is due to 
hysteresis of the material from which they are made. 
It is more nearly true that E is independent of ©, at 
least over a wide band of frequencies. 

To overcome this defect, consider a damper of 
which the damping coefficient is inversely proportional 
to » so that the damping force is —hx/o (rather than 
~ bx). For such a device, the vertical width of the loop 
in Fig. 2 becomes independent of » since b is replaced 
by /1/« and the dissipation of energy per cycle is 


*This curve is, in fact, an ellipse whose major axis is inclined 
at an angle 


(; 


to the x-axis, 
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A damper of this sort will be referred to hereafter as a 
“ hysteretic” damper and will be depicted as shown in 
Fig. 1(b). 

The complex stiffness of a hysteretic damper is given 
by (k+ih) so that, for the spring-and-damper arrange- 
ment of Fig. 1(b), 


.  . 


This notion of complex stiffness is very convenient in 
the analysis of systems having many degrees of 
freedom. 


3. Forced Vibration 

The response at x of the system of Fig. 3 to the 
harmonic excitation Fe is given by the following 
linear equation of motion 


where the inclusion of © in the coefficient of . implies 
that only solutions with this frequency may be sought. 
Alternatively, this equation of motion may be written 
in terms of the complex stiffness since it is decided that 
a harmonic solution is required. Thus 


Mx+(k+ih)x=Fe™. (10) 
By trying a solution of the form 


it is found that the receptance z is given by 


or, in the polar form 


where the phase angle is 


h ) 
-1 


That the receptance 2 is complex indicates that the 
response is not in phase with the excitation. 

This result may be obtained by the adaptation of a 
familiar rotating-vector representation (e.g. see Ref. 4, 
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p. 62). This is illustrated in Fig. 4 where the notation 
R= |X| = 


has been adopted. It will be seen that the length hR 
of the vector which is in phase with the velocity is 
independent of the frequency whereas for viscous 
damping it is proportional to it. 

It is usual to express the response of systems like 
that of Fig. 3, but which have viscous damping, in 
terms of a non-dimensional “ magnification factor” n. 
(See Ref. 4, p. 65). This may also be done for hysteretic 
damping and, when expressed in this form, the response 
is 


‘ ; (16) 


where n and » are both constants whose values depend 
only upon the non-dimensional quantities /, and p. 
That is to say, 


(17) 
The quantities n and » are shown plotted against 
/, for various values of » in Fig. 5. The curves are 
not unlike the familiar response curves of viscous 
damping theory but they differ from them in some 
ways. For instance, the maximum response of the 
damped system occurs when the impressed frequency is 
exactly equal to the natural frequency. Also, when 
w/@, 1s very small, n approaches a value which is less 
than unity and » tends to the value tan~'». However, 
when is small, the results approximate very closely to 
the comparable results for viscous damping™?. 


4. Free Vibration 


Free vibration of the simple oscillator of Fig. 3 
cannot be dealt with simply and the author is unaware 
of a completely satisfactory treatment of it. The 
difficulty arises because hysteretic damping has not 
been defined for motion other than harmonic oscillation 
and the free vibration is not harmonic. 

The assumption has been made in the past“: °) that 
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a complex stiffness may be used although the motion is 
not harmonic. That is to say, a solution of the form 


is sought for the equation 
Mx +k(1+iu)x=0 (9) 


where is treated as an unknown. If this is done, it is 
found that 


s=A exp{ o,f } 


where A and 6 are constants whose values may be fixed 
by initial conditions. Thus the frequency predicted for 
the damped oscillation is greater than that obtained 
when »=0. The corresponding ratio of successive 
maximum departures on the same side is 
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so that the appropriate logarithmic decrement is 


The expressions 
MxX+ —x+kx 


and MX +(k+ih) x 


are equivalent for harmonic oscillations of frequency 
but not for other motions. It seems just as reasonable, 
therefore, to use the trial solution 


in the equation 
Mx+ "x +kx=0 . (24) 


where p and © are unknown*. This leads to the result 


so that the frequency predicted for damped motion is 
now less than that obtained when u=0. The ratio of 
successive maximum departures on the same side is now 
r= exp {2zu/[1+ (26) 
so that the logarithmic decrement is 
Tu 
5. Conclusions 
When a simple oscillator undergoes steady forced 
oscillation, it experiences damping effects which are 
neither truly “viscous” nor truly “hysteretic” in 
character. Both theories give an approximation to the 
true behaviour and, when the damping is light, they 
approximate very closely to each other and so there is 
no particular virtue in using one instead of the other; 
for they are of almost equal mathematical complexity. 
For heavier damping, the predictions begin to 
diverge and the hysteretic damping theory may fit 
experimental results the more accurately in some 
problems. It seems likely that the availability of a 
second damping “ model ” will become more and more 
useful as techniques of damping measurement and 
assessment improve. 
Whenever the concept of a complex stiffness has 
been used in this article, the Cartesian representation 


*This suggestion is due to Prof. A. R. Collar. 


of the complex number is employed; thus the stiffness 
is specified as 
(k+ih) or k(l+in) 
so that the modulus of stiffness is 
+2?) 


Use may be made of the polar representation which is, 
in the present notation, 


kJ/(1+y2) el. 


There is, of course, no difference between the results 
which are found by using these two forms of the 
stiffness. Now the theory of “complex damping ” 
which is proposed by Myklestad“ is concerned with 
complex stiffnesses which are, effectively, expressed in 
the polar form 


That is to say, the symbol k is used by that author to 
denote the modulus of the stiffness rather than its real 
(or “in phase”) component. This leads to results 
which differ from those given in this paper because the 
relation 


is retained with this different meaning of k. There is 
no evident objection to this interpretation of complex 
stiffness; but when these changes are borne in mind, the 
apparent differences between “complex” and “ struc- 
tural ” (or, better, “ hysteretic”) damping are found to 
be removed. 

Strictly, hysteretic damping is defined only for 
harmonic motion. Thus, in dealing with problems of 
free vibration it is necessary to extend the definition in 
some way. It will be shown in later papers that the 
theory of steady harmonic damped vibration of systems 
having many degrees of freedom may be materially 
simplified if the existence is postulated of hysteretic, 
rather than viscous, damping. 
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The Derivation and Use of Aerodynamic 


Transfer Functions of Airframes 


by 
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SuMMARY: The aerodynamic characteristics of airframes are expressed as aerodynamic 
transfer functions, giving the relationships between input and output for each of the 
three separate planes of motion, roll, pitch, and yaw. By assuming no cross-coupling 
between planes and linear aerodynamics, and by making certain other assumptions, 
which apply particularly to conventional airframes with fixed wings and rear controls, 
relatively simple approximate algebraic transfer functions giving the relationships 
between the control surface deflection (the input) and any airframe motion (the output), 
are obtained. 

The open loop aerodynamic transfer functions thus obtained are used as part of the 
auto-pilot block diagram, in which the performance of other components, such as 
actuators, instruments and electrical networks, are also expressed in transfer function 
form. The aerodynamic transfer functions are useful in auto-pilot evolution and 
synthesis in that they aid selection of the airframe motions to be measured, modified, and 
fed back to close the auto-pilot loop. 

For mathematical assessment of closed loop performance and stability, open loop 
transient and frequency responses are used, and curves of airframe responses are plotted 
in linear, logarithmic and polar form by standard methods from the aerodynamic transfer 
functions. Some methods of using these curves, which follow the general lines adopted 
in servo-mechanism and electronic amplifier design, are explained briefly. 

Analogue computers are frequently used when the computations to be made are so 
complicated as to need the use of a computing machine. The aerodynamic transfer 
functions then form one block of the simulator set-up, and on larger computers the 
more exact form, including any non-linearities and cross-coupling effects, can be used. 


Introduction 

The study of servo-mechanisms has produced some 
novel methods of dealing with their stability, and 
various text books on the general subject of the 
synthesis of servo-mechanisms are now available". 
Such methods have much in common with the tech- 
niques used in the electronics field, particularly in 
network analysis and the design of amplifiers with 
feed-back. The use of block diagrams, with each block 
having its own transfer function, which gives the ratio 
of output to input including time derivatives, is now 
common practice among servo-mechanism engineers, 
and the purpose of this paper is to explain the use 
which can be made in the aerodynamic field of the 
transfer function technique. It is not maintained that 
transfer function methods are necessarily preferable to 
other methods, but their use is well established and 
aerodynamic transfer functions are particularly useful 
in dealing with auto-pilot systems for aircraft and in 
simulator work, when the performance of other parts 
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of the system, apart from the airframe aerodynamics, 
are given in transfer function form. 

An airframe with forward velocity and with moving 
control surfaces is in effect a servo-motor in three 
dimensions. The inputs are the control surface deflec- 
tions, the outputs are the airframe motions, and the 
source of external power is the airframe forward 
velocity, which produces the aerodynamic forces and 
moments. When the airframe motion, as measured by 
instruments such as rate gyros or linear accelerometers, 
is fed back to the airframe control system, the loop is 
closed and the system becomes a servo-mechanism. 
With piloted airframes the inclusion in the loop of the 
human operator, whose transfer function is variable and 
largely unknown, makes analysis of the complete system 
difficult. With pilotless airframes, however, synthesis 
of the system can be undertaken since the transfer 
function of the auto-pilot is known and does not vary. 

To include the aerodynamics of the airframe in the 
servo-mechanism analysis it is necessary to obtain the 
aerodynamic transfer functions, relating the control 
surface deflections to the resulting airframe motions. 
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An airframe is normally controlled by separate application to airframe control problems will therefore 

control surfaces about the three axes, as shown in be discussed in the three parts of this paper, the first 

Figs l(a) and 1(5), and the resulting airframe motions of which deals with the actual aerodynamic transfer 

are analysed to give the aerodynamic transfer functions functions of airframes, the second with the open loop 

in each control plane. To obtain these aerodynamic response of airframes, and the third with the closed 

transfer functions in each plane it is necessary to make loop response of auto-pilots. 

certain simplifying assumptions, the validity of which 

must always be checked for any particular airframe Notation 

configuration. In general it is assumed, firstly, that the General 

aerodynamics are linear, and secondly, that there is no m_ mass of airframe 

first order coupling between the three planes so that s Laplace transform variable equivalent 

each plane can be considered independently. The to operator, p (=d/dt) ] 

second assumption entails either that manoeuvres are V resultant forward velocity of airframe, | 

being made in one plane only, or that the airframe is ie. (u? + Vv? +w?) | 

position roll-stabilised by a stiff auto-pilot system, as © forcing frequency 

is common practice with some guided missiles but not ©, undamped natural frequency 

with aircraft. Other assumptions may also require to ®,4 damped natural frequency 

be made later on the magnitude of certain stability u,/, ratio of forcing frequency to undamped 

derivatives to simplify the transfer functions for natural frequency 


particular airframe configurations and motions. § acceleration due to gravity 
Lm_ log modulus 


If some such simplifying assumptions are not made ¢y.Ang any phase angle 
the analysis, let alone the synthesis, of auto-pilot control KG (s) transfer function in terms of s 
systems becomes extremely complex and there is no KG (jo) transfer function in terms of 
alternative but to use a computing machine, such as a KxGy(s),N(s) transfer function of any unit, N 
simulator, a differential analyser, or a digital computor. ii Kx gain of any instrument, N 
For evolving control systems in which trends are as Ky, autopilot gearing or gain 
important as accurate figures, analogue computors”) rx any time constant 
working on a real, i.e. 1/1, time scale are frequently 
used, since they not only compute but also provide a Rolling Motion 
working model of the system in which real components € aileron deflection 
can be included. A number of single plane analogue @ angle of roll 
computors or simulators have been in use for several $y demanded angle of roll 
years, and there is a three-dimensional simulator, which p, rate of roll 
takes into account non-linearities and cross-coupling 7, roll time lag of airframe 
effects between planes, at the Royal Aircraft Establish- K,, roll stiffness of airframe 
ment, Farnborough’. However, the labour and cost 
involved in building, setting up, and operating large Steering Motion 


computors is too great to allow them to be universally 
used, and the general trend is to do preliminary 
analysis by simplified calculations with desk machines 
for one plane only, to follow this by computations on a 
single plane simulator which can include some non- 
linearities, and only to use a_ three-dimensional 


The first symbol is for motion in the airframe pitch 
plane, second is for motion in the yaw plane. 
control surface deflection 
,8 incidence 
lateral velocity 
q,r_ rate of turn of longitudinal axis 


simulator when it is essential to include cross-coupling $y, longitudinal axis angle measured from 
effects. Digital computors can be used for accurate space datum 

calculations and accuracy checks and _ repetitive 6,» flight line angle measured from space 
analogue computors for transient analysis. Existing datum 

digital machines are not generally suitable, however, 6),%) demanded steering angle measured 
for system synthesis, in that they operate on an from space datum 

extended time scale, the parameters cannot easily be ngs nr undamped weathercock circular fre- 
varied, and they cannot include real components. quency a 
Repetitive machines are suitable for stability analysis Yas Ye damping ratio (actual to critical) 

but cannot cope with long duration simulation or 7a.78 incidence (time) lag of airframe 


include real components. K,, K, rate of turn stiffness of airframe 


For preliminary analysis of auto-pilot systems with- 
out the use of computing machines, simplified 
aerodynamic equations in the transfer function, i.e. and yaw axes of airframe 

KG (s), form are thus a very useful tool, even though, X,Y,Z aerodynamic forces along roll, pitch 
when using computors, it may well be preferable to use and yaw axes of airframe 

the full, rather than the simplified, forms. The A,B,C moments of inertia of airframe about 
evolution of aerodynamic transfer functions and their its roll, pitch and yaw axes 


Derivatives 
L,M,N_ aerodynamic moments about roll, pitch 
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Suffixes denote moment or force due to unit quantity 
and all derivatives are referred to airframes axes. 
Large letters are for dimensional and small letters are 
for non-dimensional derivatives, i.e. dimensional force 
derivatives divided by airframe mass and dimensional 
moment derivatives divided by the appropriate moment 
of inertia. Thus, as examples :— 

The derivative L,, or Al,, is the rolling moment 
due to unit rate of roll, ie. OL/Op, and the acual 
moment is L,p or Al,p. 

The derivative Z,, or mz,, is the pitching force due 
to Unit Control Surface deflection, i.e. 0z/0 and the 
actual force is Or 

The differences of products of moment and force 
derivatives are denoted thus :— 


Xqa = MgZa — MoZq 
—Ngyy, and so on. 


PART I 


Aerodynamic Transfer Functions of 
Airframes 


1. Transfer Functions 

The use of transfer functions is now too well known 
to require detailed explanation and the subject can be 
studied in the current literature’). Briefly, the ratio of 
output to input of each block in a block diagram is 
denoted by KG (s), where K is invariant with time and 
G (s) is the frequency variant part, or part depending on 
time derivatives. The symbol, s, is that of the complex 
variable used in the Laplace transform, but it can be 
shown that it is interchangeable in equations with the 
Operator p (=d/dt), or, for obtaining frequency 
response curves of amplitude and phase, with jo. Once 
the transfer function is derived there are standard 
methods by which stability, permissible gain, and 
transient and frequency responses can be obtained, 
based largely on the methods adopted for the analysis 
of electrical networks. 


2. Airframe Configurations 


The most common aircraft airframe configuration is 
shown in Fig. 1 (a), and a symmetrical cruciform con- 
figuration, typical of an airframe with no undercarriage, 
such as a guided missile, is shown with fixed wings in 
Fig. | (b) and with moving wings in Fig. 1 (c). There 
are three planes of motion, as shown in each figure, 
referred to as roll, pitch and yaw. In roll the airframe 
has no natural frequency of oscillation about its longi- 
tudinal axis but it can be given one by a position 
roll-stabilisation system. In pitch and yaw the airframe 
has a natural frequency of oscillation about its centre 
of gravity, termed the weathercock oscillation and 
associated with the angular motion of the airframe 
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ROLL(x) AXIS 


POSITIVE 
vAW(Z) AXIS 


Figure 1(a). Aircraft airframe—sign conventions for right 
hand system of axes. 


longitudinal axis, and can be given a motion of its 
centre of gravity in space, termed the weave motion, by 
an auto-pilot, which also modifies the weathercock 
oscillation. 

For stability and manoeuvre in pitch and yaw two 
lift surfaces, one fixed and one moving, are normally 
required. The movable control surfaces may be either 
ahead (nose controls) or astern (rear controls) of the 
fixed surfaces and may provide either a larger or a 
smaller part of the total lift. The most common con- 
figuration is to have fixed wings and rear control 
surfaces, working at a long arm from the airframe 
centre of gravity, which provide a small force, opposing 
the main force, but a considerable trimming moment. 
Such a configuration is shown in the pitch plane of 
Fig. l(a) and in both Cartesian co-ordinate control 
planes of Fig. 1(b). An alternative configuration, 
shown for both control planes of Fig. l(c), is the 
moving wing configuration, in which the majority of the 
lift comes from the moving wings which are, in effect, 
nose controls. The moving wing configuration has the 
advantages that the fuselage or body incidence can be 
kept small, and that the airframe centre of gravity may 
be aft of the centre of pressure of the moving wings, 
thus enabling the forces or lift from the two surfaces to 
be additive for manoeuvre purposes, but it is not suit- 
able for large wing airframes due to the large hinge 
moments. 

The transfer functions for the fixed wing configura- 
tion, as typified by the aircraft pitch axis and both 
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Definitions: 

a=tan-1" 
u 
Uv 

8=tan-!— POSITIVE 
u n 


POSITIVE 
Y POSITIVE PITCH 
AXIS 


POSITIVE ROTATION IN PITCH 
Mo 


NEGATIVE .ROTATION IN PITCH 


POSITIVE 
VELOCITY,v 


POSITIVE 
VELOCITY, 
w 


N,B, 
NEGATIVE ROTATION 


IN ROLL 

x INROLUL POSITIVE YAW 
POSITIVE AXIS 
ROLL AXIS 


FiGure 1(b). Cruciform configuration airframe with fixed wings—sign conventions 


and trim conditions. 


axes of the cruciform fixed wing airframe, can be 
simplified in a way which is not possible for the moving 
wing airframe, and the main part of this paper is 
applied to the treatment of the fixed wing configura- 
tion. For other configurations frequency response 
calculations can be made but transient responses are 
tedious to compute. 

The system of axes adopted is the right-hand 
system with sign conventions as shown in Fig. I(a). 
The resulting steady state motion due to control surface 
deflections in both the pitch and yaw planes and the 
signs of the various aerodynamic stability derivatives 
for different airframes are given on Figs. 1(b) and l(c). 
They differ in sign for the symmetrical pitch and yaw 
planes, as shown in Figs. 2(a) and (b), although the 
resulting numerical equations of motion for the two 
planes are not affected. 

Separate controls for roll, pitch, and yaw are shown 
in the figures, with differential motion for roll control 
and symmetrical motion for steering control, but in 
practice combined controls for roll and either pitch or 
yaw are frequently used with cruciform airframes. 


ACCELERATIONS 
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Yaw (Z)axis Pitch (Y) axis Roll (X) axis 


¢ Positive Z, Negative 


Negative 


Negative 


Y,. Positive 
(usually) 


Z, Negative 
N, Negative M 
M. 
M. 


(usually) 


Negative Negative 


n 


N3 Positive Negative 


Negative Negative L, Negative 


q 
H; Negative H, Positive 


H. Negative H, Positive —- 


Under steady state condition, i.e. the trim 
condition, as shown in the diagram, with all 
quantities as positive numbers :— 


Positive ¢ Positive » Positive & 
Produces: Produces: Produces: 
Positive 8 Negative x 
Positive v Negative w 
Negative r Negative q Negative p 
Negative Y/m Positive Z/m 
Hence: Hence: Hence: 


Y,¢ Positive Z,n Negative 


Y 38 Negative Z,x Positive 


Yr Negative Z,q Positive 
Negative Negative Negative 
NB Positive Positive 
N,r Positive Positive L,p Positive 


3|< 


N.B.—The moments and Nf are each 
the products of two vectors, the negative 
static margins and the forces Z, and Y,8 
respectively, and the moments can be shown 
by vector algebra to be both positive, 


Fixed wing cruciform configuration— 
separate rear controls. 


For steering the airframe by control of the weave 
motion the airframe may either be rolled until the 
steering forces are normal to the direction in which it is 
desired to go, sometimes termed “ twist-and-steer,” or 
the airframe may be position or rate roll-stabilised and 
steering applied to both planes of a cruciform configura- 
tion so as to give resultant motion in the required 
direction. With ‘“ twist-and-steer” only one pair of 
wings is required, as in standard aircraft practice, 
whereas “Cartesian” control requires two pairs of 
wings. 


3. Airframe Aerodynamics in Transfer 
Function Form 


3.1. GENERAL 


The airframe aerodynamics may be expressed as 


open-loop characteristics in which the inputs are control 
surface deflections in any plane and the outputs are any 
one of the resulting motions in that plane, which may 
be measured, if required, by various instruments fitted 
inside the airframe. 
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Definitions: Yaw (Z) axis Pitch(Y)axis Roll (X) axis 
a=tan? Y, Positive Z; Negative 

Y,; Negative Z, Negative 
Y, Positive Z, Negative 
a N, Negative M; Negative L; Negative 
Nz Positive M, Negative 
y ? N, Negative M, Negative L, Negative 
bs Mac H, Negative H; Positive 
B 
B Under steady state condition, i.e. the 
PAD 3 : Z KX condition, as shown in the diagram, with a 
quantities as positive numbers :— 
M55, Positive y Positive 8 Positive 
Zz Produces: Produces: Produces: 
mn Positive 2 Negative « 
Positive v Negative w 
Negative r Negative q Negative p 
Positive Y/m Negative Z/m 
STEADY STATE Hence: Hence: Hence: 
ACCELERATIONS ati 
POSITIVE ROTATION Y,y Positive Z;3 Negative 
> 
Y,r Negative Z,q Positive 
IN N,y Negative M;5 Negative Negative 
N38 Positive Positive 
Nrr Positive M,q Positive L,p Positive 
TIVE ROTATION POSITIVE 
lo ‘aes IN ROLL YAW N.B.—The moments M,2 and N3f are each 
the products of two vectors, the negative 
XV “NEGATIVE ROTATION static margins and the forces Z,x and Y,8 
ROLL. AXIS! ne , respectively, and the moments can be shown 
7 by vector algebra to be both positive, 


Ficure 1(c). Cruciform configuration airframe with moving wings—sign conventions 


and trim conditions. 


Body axes and normal lift coefficients are used in 
obtaining aerodynamic derivatives, but forces and 
moments, and hence accelerations, are then referred to 
rotating and translating axes, the effects of which must 
be taken into account in converting the quantities to 
non-rotating stationary space axes. Dimensional or 
non-dimensional derivatives may be used, but the latter 
make the equations simpler and are used in this paper. 

When motion in one plane only is considered there 
are three independent sets of equations for roll, pitch 
and yaw. When the airframe is roll-stabilised by a 
system sufficiently stiff to prevent first order coupling 
between planes, as is common practice with cruciform 
airframes, the equation of roll and the two sets of 
Steering equations, which are similar for a cruciform 
airframe, can be considered separately. The effect of 
gravity depends on the airframe orientation in space, 
but may be neglected when it is small compared with 
the manoeuvring accelerations available. 


In subsequent analysis the different symbols of the 
roll, pitch, and yaw plane with their appropriate signs 


Sign conventions and trim conditions for 
moving wing cruciform  configuration— 
separate roll control. 


Airframe c. of g. forward of c. of p. of wings. 


will be used in deriving the three sets of equations, but 
the terms incidence, lateral velocity and lateral accelera- 
tion will be used for both steering planes. The symbols 
used in the equations are, as far as possible, standard 
symbols and are as listed at the beginning of this paper. 


3.2. THREE-DIMENSIONAL EQUATIONS OF AIRFRAME 
MOTION 
The three-dimensional equations for linear accelera- 
tions, with a right-hand system of axes which is being 
both rotated and translated, are‘) : — 


u= +ru-qwt+gx . (1) 
v= == +pw-rutgy (2) 
w= +qu-pv+g, . (3) 
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z'(NecaTive) 
z 
G 

2= bp +O yy 
Vs 6p = 
a=w/V dt 

z (Positive) + 


Figure 2(a). Airframe motions—sign conventions for pitch 
plane. 


where u, v and w represent the linear velocities referred 
to stationary non-rotating axes instantaneously coinci- 
dent with airframe axes. 

The three-dimensional (Euler) equations for angular 
accelerations, about non-rotating axes instantaneously 
coincident with airframe axes, are“? 


M A-C 
. N B-A 


3.3. EQUATIONS OF ROLLING MOTION 
Equation (4) is the equation for rolling motion. For 
motion in the roll plane only, i.e. when g and r are 
zero, or for a symmetrical cruciform airframe in which 
B equals C, this becomes : — 
The rolling moment, L, expressed in terms of 
dimensional derivatives for small angles and ignoring 
non-linearities and cross-coupling effects is : — 


L=L,p+Leé+L, (8) 


Putting s for d/dt and assuming the malalignment 
torque, L,, to be zero, equation (8) becomes in transfer 
function form : — 


K. 
olé s(1+7, 5) (9) 
K 
l+zs (10) 
where . . QD 


The relationships between aileron deflection, ¢, and 
rate of roll, p, is thus of the first order with a time 
constant of 7,. The airframe rate of roll stiffness, K,, 
is positive since both L, and L; are negative and a 
positive € produces a negative p. 


Vu Y(PosiTive) + 
POSITIVE 
4 45 
Mu 
Vy 
taty 
Vs vp = d’y/dt? ae 


Ficure 2(b). Airframe motions—sign conventions for yaw 
plane. 


3.4. EQUATIONS OF STEERING MOTION 

The equations of steering motion are derived from 
(2), (3), (5) and (6). For an airframe in which p is 
zero the equations, neglecting gravity, become : — 


= (13) 
-qu= 2 = (14) 


where all quantities are referred to non-rotating 
stationary axes instantaneously coincident with missile 
axes. 

Examination of Figs. 2 (a) and (b), which are 
projections of the right-hand axes system of Fig. 1 (5), 
gives the sign convention for the angular quantities 4,, 
4, and z in the pitch plane and vy, vy and 2 in the yaw 
plane, so as to match with sign conventions adopted for 
linear quantities. Assuming that force and moment 
derivatives in terms of w and z and in terms of v and 8 
have the same sign, then, for small angles of incidence, 
where u equals V, the following relationships hold : — 


Nv=Ns/V 
M.=M./V. 
a=w/V. . . (21) 
B=v/V. . (22) 
dt? 
=Vs0y=VOp . . (24) 


r=Sty=ty.  . (26) 


If cross-coupling and non-linear effects are ignored 
the fundamental equations for the pitch and yaw forces 
and moments, Z, Y, M and N, expressed with reference 
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to body axes for a fixed wing configuration in terms of 
dimensional derivatives, are 


. . 
. (28) 
M=M,w+M,q+Min+M, (29) 
. 


By assuming the malalignment forces and torques to 
be zero, and control surface deflections and incidences 
to be small, and with substitution of s for d/dt, the 
equations of motion given below are obtained in terms 
of non-dimensional angular derivatives from equations 
(13) to (26) 


— 


(31) 


1 
2,8 /V +m, + (2,1, — 
w/Vn= 


(32) 
@z/dt? _ soy _ 


2,8?/V + My — (Za My — Zn Ma) 
V V 
= 1 (33) 


1 
(yan: — yong) 
= (34) 


1 
S°+(— ys/V—n,)s + nz + Avante — 


re 
II 
| 


1 
ys/V porn — Nr) 
v/VS=B/S= i 
+(—ye/V—n,) s+np+ p — 
(35) 


1 1 
ys? /V + — $— 
(36) 
+(—ys/V—n,) p Wate — 


A notation sometimes adopted to shorten these 
equations is to use the symbol x for the difference of 
the products of moment and force derivatives, thus : — 


Xqa = ZalMq — and so on.. (36a) 


Giving, for example : — 
=3[ ZnS? + XnqgS+Xna ] 

n S+(Xqa/V — ma) 

With the sign conventions tabulated on Figs. 1 (b) 

and | (c) it will be seen that the equations for the pitch 

and yaw planes are exactly similar when it is taken into 


account that 6, is of opposite sign to 6% and @ for the 

pitch plane and 8 is of opposite sign to ¥y and yp for 

the yaw plane, as shown in Figs. 2 (a) and (b). The 
following relationships are thus given : — 

. . (38) 

To maintain the right-hand axes convention for 
these quantities would necessitate changing the signs of 
some of the relationships given in equations (17) to (26), 
which is considered undesirable. Similar equations and 
relationships can be derived for the moving wing 
configuration of Fig. 1 (c). 

To enable block diagrams of auto-pilot systems to 
be drawn it is necessary to put equations (31) to (36) in 
simplified transfer function form. The following 
substitutions are therefore made :— 


— m+ (cam, — (39) 


1 

pp = Ng t+ p ane — Yelp) = V+ Ns. . (40) 
—(Z%./Vtm) . . (41) 
Vm, Vm, : (43) 

Xna 

-V -V. 
(44) 

yang — yng Xa 


K,=(yany— yong) nn) = (46) 
All values are positive and the significance of the 
symbols for both planes is as follows :— 
K,, K, are airframe rate of turn stiffnesses. 
ngs nr are airframe undamped natural frequencies 
Ya. Yr are airframe damping ratios 
Ta, Te are airframe time lags, termed incidence lags. 
Equations (31) and (34) now appear in transfer 
function form as :— 


q _ ng K, ad TS) 

+27qWngS + O7 ng 
ny 

where the second order denominators of the equations 
represent the uncontrolled weathercock oscillations of 
the airframe in pitch and yaw. 


(47) 


3.5. AERODYNAMIC EQUATIONS IN TRANSFER FUNCTION 
FORM 

The steering transfer functions of equations (47) and 
(48) and the roll transfer function of equation (10), are 
in KG(s) form with airframe motion in the form of 
rates of rotation of airframe axes as outputs and control 
surface deflections as inputs. They are made up of 
first and second order differential equations and are 
exact for the assumptions made. When the output 
motion is some other quantity, such as incidence or 
lateral acceleration, parameters additional to those 
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already defined are required to give exact relationships. 
For particular airframes, however, approximate transfer 
functions can be obtained for other airframe motions in 
terms of the parameters already defined. 

When using feed-back from instruments mounted in 
the airframe to close the control loop the sign conven- 
tion adopted entails that the gain of the instrument 
shall be positive or negative as required by stability 
considerations. In the yaw plane the gain should be 
positive for free and rate gyros (vy and vw) and for 
angular and lateral accelerometers (vy, and vy) and 
negative for an incidence vane (8). In the pitch plane 
the gain should be positive for a lateral accelerometer 
(CE) and negative for free and rate gyros (6, and cs) 
and for an angular accelerometer (6y) and incidence 
vane (z). In the roll plane, the gain should be positive 
for free and rate gyros and angular accelerometers 
(¢, @ and @). The servo-motor gain should be negative 
in the roll plane and, for demanded flight line, positive 
in the pitch plane and negative in the yaw plane. 


3.6. STEERING TRANSFER FUNCTIONS FOR AIRFRAMES 
WITH FIXED WINGS AND REAR CONTROLS 

Approximate transfer functions for steering an 
airframe with fixed wings and rear controls, i.e. the 
pitch plane case of Fig. 1 (a) and both planes of 
Fig. 1 (5), can be derived in terms of the parameters 
already listed for all output motions of the airframe, 
provided that certain assumptions can be made. The 
assumptions enable simple algebraic expressions to be 
derived which show the approximate general relation- 
ships between the various motions and so enable 
analytical studies of control systems to be made. 

The assumptions mean that the sy, and 
terms are neglected in equations (32), (33), (35) and (36) 
and for particular configurations, for which numerical 
values are known, their validity requires checking. A 
check can be made by substituting jo for s in both the 
full and approximate equations and plotting the 
frequency responses. If the effects of the » and w? 
terms are negligible when » has the highest value of 
interest the assumptions are justified. However, in 
detailed computing of the response of an airframe, for 
which numerical values of derivatives are known, it 
will generally be preferable to use the full rather than 
the approximate transfer functions. 

The assumptions made are based mainly on the 
requirement that, since the forces due to incidence and 
control surface deflection are in opposition under 
steady state conditions, the control surface deflection 
forces must be small and must therefore act at a long 
arm to provide an adequate trimming moment. The 
full assumptions are listed below as:— 

(i) The terms z, and y, are so small that they can 
be neglected. 

(ii) Since the forward velocity, V, is generally 

large compared with all other terms and since 
m, and n, are generally small, the term 
z,m,/V in the pitch equations and the term 
ycn,/V in the yaw equations can be neglected. 


(iii) In equations (33) and (36) the terms z,/V and 
are small compared with z,.m,/V and 
yant/V and can be neglected. 

(iv) In equations (32) and (35) the terms z,,/V and 
y;/V are small compared with m, and n; and 
can be neglected. 

The approximate transfer functions for equations 

(31) to (36) are then: — 


Ong TS) | 
64 /n=Ky (8? + Ong S + ng) 
7 nq 
] 
Ky E 27a Ong S+ ng) 


+ QypOnrS + O* or 


ur 4 
K, E (s° +2) One S mal G6 


The steady state incidences and rates of turn, which 
occur after the transient has died away, are obtained 
by putting s equal to zero in the first and second order 
expressions. The incidence in each plane is then 
constant and the rates of turn of longitudinal axis and 
flight line are equal. 

Transient relationships between the various angular 
airframe motions are as given below : — 


1 


/S= 


8) 
= 


It will be seen that the incidence lag, which is the 
steady state ratio of incidence to rate of turn of flight 
line or longitudinal axis, is the time constant of the 
decay of flight line into coincidence with longitudinal 
axis. It is also the time constant of the phase advance 
of the rate of turn of longitudinal axis on rate of turn of 
flight line. 


3.7. AERODYNAMIC NON-LINEARITIES 

It should be appreciated that all these equations only 
apply strictly to airframes with linear aerodynamics, in 
which the derivatives are constant. In actual practice 


airframe aerodynamics are generally non-linear in that 
the values vary with incidence and other quantities. 
However, even with non-linear aerodynamics, the 
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FiGuURE 3(a). Transient response—step function of aileron, &. 


equations generally apply for small perturbations, 
provided that the appropriate values of derivatives are 
used, and so serve as a guide in analysing systems. 
Limiting values can also be substituted in the equations, 
but the full effects of non-linearities in the aero- 
dynamics of airframes for large perturbations cannot 
generally be calculated without a computing machine, 
such as an analogue computor. 


PART II 
Open Loop Responses of Airframes 


1. Types of Responses 

The use which can be made of the aerodynamic 
transfer functions in the design of closed loop servo- 
systems follows the general lines as laid down in the 
current literature on servo-mechanisms'’. The aero- 
dynamic transfer functions represent the open loop 
characteristics of the airframe, and when the loop is 
closed by measuring airframe motion with instruments 
mounted in it, the closed loop performance and stability 
of the auto-pilot can be assessed from the open loop 
characteristics by standard methods. Several different 
quantities may be measured and fed back, and the loop 
output is then the combination of various airframe 
motions, as selected by the servo-system designer to 
give the requisite airframe performance and stability. 

The open loop responses for two main types of 

forcing function are studied : — 

(a) The transient response resulting from a step 
function input of, say, control surface 
deflection. 

(b) The frequency response of amplitude ratio and 
phase difference of input and output for 
sinusoidal inputs of varying frequency, which 
is used to assess the stability of closed loop 
systems. The frequency responses may be 
plotted to either a linear or logarithmic scale, 
the latter being easier to draw. The separate 
linear curves of amplitude ratio and phase 
difference may be plotted in polar form to give 
the Nyquist diagram, or the logarithmic curves 
may be plotted on the rectangular co-ordinates 
of the conversion chart of Fig. 10 to give a 
semi-logarithmic plot of the Nyquist diagram, 
sometimes called the “ Logmodang ” plot. 
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FicureE 3(b). Transient response—step function of longitudinal 
axis, 

The approximate open loop responses of fixed wing 
airframes will now be evaluated algebraically for both 
types of forcing functions. These approximate responses 
assist in general system analysis and evolution, but 
when numerical values of aerodynamic derivatives are 
available the responses should preferably be checked 
against the full equations. The more exact frequency 
response for all types of airframes including the moving 
wing type, can be computed arithmetically quite easily, 
but the exact transient responses are tedious to solve, 
even with numerical values, due to the high order of the 
equations to be solved. 

The algebraic expressions given hereafter use the 
symbols of the roll and pitch planes, but substitution of 
vy for (—8) for z, and for give the 
corresponding yaw plane relationships. 


2. Open Loop Transient Responses of Fixed 
Wing Airframes 

The transient response of the airframe to a step 
input is important since it enables stability and 
performance to be assessed. It can also represent an 
approximation to an actual case such as, for example, 
the airframe response to a control surface operated by a 
fast servo-motor. The responses to various step 
functions are given below, those with an input of control 
surface or aileron deflection representing controlled 
motion while other inputs represent uncontrolled 
motion. 


2.1. STEP FUNCTION OF AILERON, € 

For a step function of aileron, €, the following 
relationships, as shown in Fig. 3 (a), hold for rolling 
motion of the airframe : — 


—p=K,é(l-e''s) ? . (60a) 
. (605) 


2.2. STEP FUNCTION OF LONGITUDINAL AXIS, 4 
For a step function of longitudinal axis, 4, the 
following relationships hold for uncontrolled steering 
motion, as shown in Fig. 3 (b). The practical case 
would be a sudden change of incidence or wind 

direction. 

— (1 — (61) 
a=Oye*!rs, ‘ . (62) 
It will be seen that the incidence lag, 7., is the time 
lag of the exponential decay of incidence and lateral 


acceleration to zero, or the time lag of the decay of 
flight line into coincidence with the longitudinal axis of 
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Transient response—step function of control 
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FIGURE 3(c). 


the airframe. 


longitudinal axis. 


2.3. STEP FUNCTION OF CONTROL SURFACE ANGLE, 1 

For a step function of control surface angle, 1, the 
following relationships hold for controlled steering 
motion, as shown in Figs. 3 (c) and (d), and have been 
calculated using Laplace transforms. The suffixes 
, to w, and y have been omitted for clarity. 


a er,’ 
63) 


Oy er, ] 
where tan ¢,=y/V1-y7° (65) 
and (66) 
F K, [ ] 
=—*| w,t-2y— —& sin t - 20, 67 
avi-y 
where tan 29, = (68) 
~ = —2y + Tan — 
Vv {1 + Tay 2y)} SiN + 
2 6 
v(1—y’) (69) 
vil y’) (7.0, 2y) 
where tan ¢,= aria (70) 
4 
a = K, [1 
{147009 — 2y)} COS (Wat (71) 
(1-y’) 


Somewhat similar expressions hold for 
step functions of incidence and rate of turn of 


= 


== 
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FiGurE 3(d). Transient response—step function of control 
surface angle, 7. (#,7,=5, 7,=1). 


Ton — 


where tan (¢,+4,)= (72) 


It will be seen that each curve of Figs. 3 (c) and (d) 
consists of a steady or steadily increasing value to which 
is added a first order decay having a time constant of 
l(y ny). 

For incidence, rates of turn of flight line and 
longitudinal axis, and lateral acceleration the curves are 
standard second order responses, in which the speed of 
response depends on the weathercock frequency and 
damping ratio, and the percentage overshoot depends 
on damping ratio only. For most airframes the damp- 
ing ratio is small so that there is a large overshoot 
unless synthetic damping is added to the system. 

For flight line and longitudinal axis the transient 
damped oscillation is added to an increasing value. The 
amplitude of flight line oscillation is 1/(r.»,) of the 
amplitude of incidence oscillation. For most fixed 
wing airframes the value of 7., is so large that the 


oscillation of longitudinal axis is substantially that of 
incidence. 
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3. Open Loop Frequency Responses of Fixed 
Wing Airframes 


The open loop frequency response curves are 
largely used by servo-mechanism designers to assess the 
maximum gain which a closed loop system can have 
without becoming unstable, one standard method being 
to obtain the gain and phase margins from the Nyquist 
plot. 

By substituting jw for s in the aerodynamic transfer 
functions it is possible to obtain the linear and the 
logarithmic relationships, i.e. the modulus and the log 
modulus and the phase angle, between the various 
angular airframe motions and the control surface 
deflections as the forcing frequency, , varies. For first 
or second order equations it is possible to plot the gain 
in decibels, denoted by “ Lm,” and the phase difference, 
denoted by “Ang,” against log frequency by the 
standard method of asymptotes and tan~' curves as 
given in text books on servo-mechanisms". 


3.1. CONTROLLED ROLLING MOTION 

From equation (9) the following relationships, which 
are plotted on Fig. 4 (a), are obtained for rolling 
motion : — 


Lm (—¢/8)= 20 log,. “2 — 20 log,, (1+ db. 
(72a) 


Ang (— @/£)= tan~'wr, 90° (72b) 
Lm( =20log,,K., -20log,, /(1+*7,*) (72c) 


Ang ( = -tan~'wr, (72d) 


3.2. UNCONTROLLED STEERING MOTION 

From equations (55) to (60) the following relation- 
ships, which are plotted in Fig. 4 (5), are obtained for 
uncontrolled steering motion. : — 


Lm (—6;/64)= = - 20 log,, V1+?7,2 db. (73) 
Ang (—6;/@y)= —tan-'owr, (74) 
Lm (6,/2)= 20 log,, db. (75) 
Ang . (76) 
Lm . (77) 
Ang (—6;/2)= -90° . (78) 
Lm . (79) 
Lm db. . 
. . (82) 


3.3. CONTROLLED STEERING MOTION 

The substitution of u for /, is made in the 
aerodynamic transfer functions of equations (49) to (54) 
and they are then seen to be of the standard first and 
second order form which can be plotted by standard 
methods. The logarithmic plots are given in Fig. 
4(c) and it will be seen that the shape of these 
curves is a function of 7., y, and , only. For a 
constant value of y, the shape of the curve depends 
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Frequency response—controlled rolling motion. 
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FIGURE 4(a). 


upon the value of 7.®, which is the ratio of the 
frequencies at the two break points in the curves. The 
value of rate of turn stiffness, K,, or incidence stiffness, 
K,7., determines the level of the curve and thus the 
permitted gain of the system without instability if the 
loop is closed. 

The actual relationships are given as follows :— 


Lm(- =) =20 log,, Kara— 20 log, + (2yu)? db. 
(83) 


Lm(“) =20 log,, K,— 20 log,, — (2yu)? db. 


(85) 

Lm( —20 log, — 

— 20 log,, (1 - + (Qyuy? db. . (87) 


r) = 20 20 log,. Vl — db. 
(89) 


f —— -90° 

l 

d) 

of 

nd 

of 

nd 

ds 

he 

he 

ed 

of 


JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY 


NOVEMBER 1955 


~ 
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° 
-45 


6 
Lm ( =20 log,,, + 20 log,, 1+ 77." 


db. =. (91) 


2yu 


(92) 


6 
Ang ( = -cot~'w7,—tan-' 


3.4. LINEAR AND LOGARITHMIC POLAR PLOTS OF 
CONTROLLED MOTION 
The frequency plots of amplitude and phase can be 
redrawn in a polar form, which gives the Nyquist 
diagrams of Figs. S(a) and (b), or with decibels plotted 
against phase difference as shown in Figs. 6 (a), (b) and 
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FiGurE 4(b). Frequency response—uncontrolled steering 
motion. 


(c). In either case they can be used to give an indica- 
tion of stability by the Nyquist stability criterion which 
states that for a stable system the linear polar plot open 
loop curve should not enclose the point (—1, Oj)”. 
The phase margin, which is the amount by which the 
phase lag is less than 180° when the gain is unity, i.e. 
zero db. up or down, and the gain margin, which is the 
decibels below the unity gain level when the phase lag 
is 180°, are both indications of stability, normal safe 
limits being about 30° and 1 db. Neither value is, 
however, absolute since the shape of the whole curve, 
which can be changed by shaping circuits and a mixture 
of instrument feed backs, requires to be considered. 

Nyquist plots of 4;/7 and 6y/ are drawn in 
Figs. 5 (a) and (4) for varying values of y,. 4 is 
additionally a function of 7.,, and the curves have 
been plotted for 7.,, equals 5, which is a typical value. 
The position of the (— 1, Oj) point varies with the value 
Of Ong /Ka- 

Logmodang plots of 6;/7 and 6/» are plotted 
similarly in Figs. 6 (a) and (b) for a unity value of 
©, /K,. For an airframe of known ©,,/K, the zero db. 
line is shifted vertically by an amount equal to ©,,/K, 
and the values of gain and phase margin can be read 
directly as shown. In Fig. 6 (c), 4/7 is plotted for 7, 
equals 0-1 and varying values of 7.4. 

From the flight line plots.(4;/1) it will be seen that 
the phase margin decreases generally with decreasing 
values of ,,/K, and is negative at u>1 if ,,/K, has 
a critical value which is a function of y,. The gain 
margin also decreases with decreasing values of ,,/K,. 

From the longitudinal axis plots (4./7) it will be 
seen that the phase margin again decreases generally 
with decreasing values of ©,,/K,, but only becomes 
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negative for small values of 7.@,4. The gain margin 
remains infinite when 7.,, is large but may have a 
definite value if 7.@,, is small. 


3.5. PHASE RELATIONSHIPS OF CONTROLLED AND 
UNCONTROLLED STEERING MOTION 

If a sinusoidal forcing frequency is applied to the 
airframe by the control surfaces, that is, 7 is being 
vibrated sinusoidally, a phase relationship diagram for 
the various airframe motions can be drawn as shown in 
Fig. 7. 

The incidence lags on the control surface deflection 
by an angle ¢,, and the longitudinal axis lags on the 
incidence by an angle ¢, where: — 

2yu 


= —tan~' = —tan 


_, 
2 


(94) 


ba= —tan-! 


OT, 


-90 


-120 270° 


Ficure 4(c). Frequency response—controlled steering motion. 


The negative sign denotes lag, and 9, increases and 
@. decreases with increasing u. When © equals ©,, i.e. 
u is unity, ¢, is —90°, and, for normal airframes, ¢. is 
not greater than — 5°. 

All the other airframe motions can be referred to the 
incidence and longitudinal axis vectors as shown in 
Fig. 7. The rate of turn of flight line and lateral 
acceleration are in phase with incidence, the flight line 
lags by 90° on incidence and the rate of change of 
incidence and rate of change of lateral acceleration lead 
on incidence by 90°. The rate of change of longi- 
tudinal axis leads on longitudinal axis by 90° and lags 
on rate of change of incidence by ¢.. 


PART II 
Closed Loop Performance of Auto-pilots 


1. Application of Transfer Function 
Techniques to Auto-pilots 
An auto-pilot may either regulate any quantity to a 
fixed value or may monitor it in accordance with 
instructions received from a guidance system, which 
may be automatic or through a human operator. It 
may control any airframe motion in any of the three 
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FiGuRE 6(c). Logmodang plot—controlled steering motion— 


6,,/n for varying values of 7,»,. 


planes and may thus be a position or rate control. 

For simplicity the planes are again treated separately 
with no cross-coupling effects, and the two particular 
cases of the roll plane and either steering plane are 
considered. Each separate system is represented by a 
block diagram, in which each block has a transfer 
function. The transfer functions of other components 
of the system, as well as the aerodynamics, are often 
not known accurately, but they can generally be 
approximated by a first or second order function for 
mathematical computations. If a real time simulator? 
is used to give a model of the auto-pilot system and 
real components, such as a control surface actuator, are 
included, the full transfer function of that component, 
including any non-linearities, is included in the com- 
putation. Real auto-pilot systems can also be tested 
with simulated aerodynamics on the ground instead of 
in the air by means of a real time simulator, thus 
simplifying trials procedure and reducing its cost, 
especially with pilotless airframes. 


2. Equations of Auto-pilot Roll Stabilisation 
System 

The block diagram of a position roll stabilisation 

system is shown in Fig. 8. Various shaping networks 

or instruments are denoted in the usual form of 

Kx Gy (s), which is abbreviated for convenience to N (s). 


+x 
“6, 
O>$,>90 
@>u>l 


180” 


-6, 


FiGurRE 7. Phase relationships for steering motions of fixed 
wing airframes. 


The demanded roll datum, ¢p, is fed to a network F (s), 
which modifies it to ¢’p. The actual roll angle, 9, 
measured by a free gyro which is assumed perfect, is 
modified by a network B(s) or by other instruments to 
o. The error, ¢, modified by L(s) to <’ is fed to the 
servo-motor which has an output of aileron angle, €, 
which rotates the airframe in roll through the aero- 


dynamics. Aerodynamic sign convention makes ¢ or p 
and € of opposite sign so that for a stable system a 
positive increment in ) must produce a_ negative 
increment in €. 

The open loop response of the servo-system, KG (s), 
is given by: — 


KG (s)= =L(s)S(s)A(s)B(s) . (95) 


Whence the closed loop response, given by 


KG (s) 
1+KG(s) 
_ L(s)S(s) A(s) B(s) (96) 
1+L(s)S(s) A (s) B(s) 
F (s) L (s) S(s) A (s) (97) 


For rolling motion the value of A (s), as given by 
equation (9), is 


—K, 


A(s)= s(l+7,s) 


(98) 
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which, by substitution in equation (97) gives : — 


— F (s) L(s) S(s) Kg 


The order of the equations depends on the order of 
the various transfer functions. If the network gives 
perfect correction to the servo-motor, so that L (s) § (s) 
equals (— Ky) and has no time lag, then 


F (s) Ky Ky 
dp +5+KyK ,B(s) 


(100) 


The value of B(s) can be adjusted, in conjunction 
with F(s) to give the required response in roll. 
Generally for a position system, B (s) will be the sum of 
roll angle, as obtained from a free gyro, and ‘the rate 
of roll, as obtained either from a rate gyro or a phase 
advance network, being for perfect components of the 
form : 


B(s)= (101) 
Substitution of this value in equation (100) gives : — 


The denominator is a second order equation, 
representing the fundamental mode of vibration in roll, 


for which: — 
K 
= J = (103) 
1 T 
% 


yout? 
A 


The natural frequency in roll, the synthetic com- 
ponent of damping and the approximate damping ratio 
then all vary as the square root of the stiffness or 
gearing, Kp. 


(105) 


3. Equations of Auto-pilot Steering System 

The block diagram of a steering system is shown in 
Fig. 9. The demanded input, i.e. 6) or 4, is fed to the 
network, F (s), which modifies it to 6’p. The flight line 
angle, #,, is modified by the feed-back network B (s) to 
6’, or, aS is more usual in practice, the value of 6’; is 
obtained by the summation of the signals from various 
instruments and has a known relationship with 6p. The 
error, <, between 6’, and 6’, is fed through the network 
L(s) to the servo-motor, S(s), which has an output of 
control surface deflection, », which gives 4, through the 
airframe aerodynamics. 

As in the roll system, the closed loop response is : — 


F(s)L(s)S(s) A (5) 

6, 1+L(s)S(s) A (s) B(s)° 
For the fixed wing airframe with rear controls the value 
of A (s), as given by equation 51, is:— 


2 


+ 2yqngS+ 


(106) 


A (s)= (107) 


which gives : — 


Op F (s) L (8) (8) Kg @nq? 
Ong S + K, Ong L (s) S (s) B (s) 


(108) 


with corresponding equations for 6, and 2 and their 
derivatives, 

A general algebraic solution of this equation, the 
denominator of which can only be reduced to a cubic by 
assuming perfect instruments and a perfect servo-motor. 
with a transfer function of Ky, for a position servo and 
K,./s for a rate servo, is impractical. The modes of 
vibration are, however, generally one decay which 
represents the weave motion and one oscillation, which 
represents the weathercock oscillation of the airframe. 

The value of B(s) varies with the types of instru- 
ments and networks used in the system. An incidence 
vane measuring z, a linear accelerometer measuring 


Voy (and 6, if mounted off the centre of gravity), and 
a rate gyro measuring #4 are instruments commonly 
used and many arithmetical computations have been 
made to assess the advantages and disadvantages of 
different combinations of instruments with various 
networks. 

A combination of instruments commonly used in 
auto-pilot design is that of a linear accelerometer with 
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Se ae If the aerodynamic damping is negligibly small, then : — 
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Network CONTROL , |SERVO-MOTOR| _ PITCH 
| (S) (s) K, G(s) 
! L(s) S(s) 
SERVO-MOTOR 
= Ficure 9. Auto-pilot block diagram— 
—roll als) « steering system. 
s(s +2 HO) -n 
networks 
KG aA 
B'S) A(s) 

a rate gyro on each axis. Assuming perfect components Part II. When using logarithmic methods the 
em consisting of a rate servo with a transfer function of fundamental curves of @/€, p/n, and vp/f can be 
n in K,,/s, a linear accelerometer of gain K. and a rate gyro modified by summing them with the individual decibels 
the of gain (— K,), the value of B (s) is :— and phase differences of L (jw), S (jo) and B (jw) so as 
line K. Vs» —Kes0 to form a curve of the correct overall shape with an 
to B(s)= — (109) adequate gain and phase margin. 

r iS m It is thus comparatively simple to assess by the 
ous Which, substituted in equation (108), gives :— frequency response method the stability of closed loop 
The 9 F (8) KpKetone? systems with various combinations of feed-back and 
ork with varying gains, provided there are no non-lineari- 

D Ya@ngS” ARR nd ties such as occur with limiting or saturation. 
. (110) 5.2. CORRELATION OF FREQUENCY AND TRANSIENT 
- It will be seen that equation (110) for the pitch RESPONSES 

plane, like equation (100) for the roll plane, would be Apart from stability assessment frequency plots are 
06) identical in sign if all aerodynamic quantities and gains useful in that they can be correlated with the transient 

were initially assumed to be positive: this would come response, but this correlation remains difficult though 
dae out similarly in the yaw plane with K. and Kg positive various methods have been proposed. 

and K,/s negative. One simple method of correlation makes use of the 

Inspection of equation (110) shows that the demand standard curves for converting KG (jw) to KG (jo) / 
07) is for rate of turn of flight line, i.e. lateral acceleration, (1+ KG (jw)) as given in Fig. 10. The chart is plotted 
with Cartesian co-ordinates of loop gain in decibels and 


with the time constant, damping ratio, and frequency of 
the weave and weathercock motions of the airframe 
modified by the gains of the servo, accelerometer and 


phase on which are superimposed curves of constant M 
and N where :— 


08) the rate gyro. With high gain feed-back system it KG (jo) 
iat appears that the modes may be made substantiaily M =| 1+KG(o) |’ (111) 
- independent of the variations and non-linearities of the ; 

airframe aerodynamics, but the optimum system can N= Ang KG (jw) (112) 
he only be evolved by using numerical values and desk or 1+KG (jw) 
by machine computation and will be a function of the Th : sas sili iain aM 
he noise in the input. e maximum value of the modulus M, termed M,, 
: : esis e deviation of the shape of the actual curve from 
of of Awe the standard 9/€ (jo), (jo), and (jo) curves is 
ich The computation of the transient response is tedious governed by the frequency variant portions of L (jo), 
ich due to the necessity of finding the roots of the S (jo) and B (jo), but with an established shape adjust- 
ne. polynomials which form the denominators and then ment of the gains makes the frequency plot touch any 
ru- finding the coefficients of the partial fractions to give particular M curve and thus controls the value of M,. 
nce the correct numerators. Algebraic methods are unsuit- A generalisation has been made that the value of M, 
ing | able for this type of analysis and transient responses should lie between 1-5 db. and 4 db., ie. 1-2 and 1-4, 
ind will not be discussed further. for the overshoot of output not to be excessive. If M, 
nly . does not exceed 4 db. the overshoot of the fed-back 
een 5. Frequency Responses of Auto-pilots quantity is not likely to be excessive but checks again 
of 5.1. ASSESSMENT OF STABILITY require to be made on the amplitudes of the motions of 
DUS The frequency response method of assessing all components in the chain. 

stability, by substituting jo for s in the open loop Other methods of correlating transient and frequency 
in equations and plotting the Nyquist or Logmodang response are beyond the scope of this note but can be 
ith diagram, has already been explained in section 3.4 of studied in the literature’. 


760 VOL. 59 JOURNAL OF THE ROYAL AERONAUTICAL SOCIETY NOVEMBER 1955 
+36 36 
N L N 
\ 
\ 30 
he V4 x 
7 \ [ \ 
40-1 E % 
NIDA! N \ 
— 
WwW 4 ab | | f / VA Ba 
O 3 THY I 
-5 “<a \l-9ab | 
-12 
\ 
-12 
| 
| 
-244 3-24 
210° -180° -150° -120 -90° -60° 30° 


LOOP PHASE IN DEGREES. 


ANG: KG(Ss) Ficure 10, Standard KG (s) to 1+ KG (s) conversion chart. 


F. 


~ — %45 =D 


4 
2% 
is 
| 
i | 
Cx 
| 
| 
| 


Gil 


6 
430 
24 
18 


4-18 


F. R. J. SPEARMAN 


AERODYNAMIC TRANSFER FUNCTIONS 761 


5.3. STEADY STATE ERRORS 

Examination of the low frequency response curve 
enables steady state errors to be assessed. For zero 
steady state error the ratio of the signal fed-back to the 
error must become infinite as the forcing frequency 
approaches zero. Thus, for the roll stabilisation 
system, the frequency response relationship is obtained 
from equation (95) as: — 


,,, R(jo)K 
where = R (jw) = L (jw) S (jo) B (jo) (114) 
K 
and A (jo) = (115) 


If R (jw) becomes unity as © approaches zero the 
frequency plot of ¢’/, which is the open loop response 
curve, is asymptotic to the —90° phase line and there 
is zero position error under steady state conditions. 


When the demand is a velocity, i.e. ¢, there will only 
by zero velocity error if R (jw) has a value of 1 /(jw) and 
the plot of ¢’/ is asymptotic to the —- 180° phase line 
as © approaches zero. Similarly there will only be 
zero acceleration error if the open loop response curve 
is asymptotic to the —270° phase line as the forcing 
frequency becomes zero. 

For the steering equations of section 3 the same 
relationships hold with regard to the plots of #;/: and 


Conclusions 


1. Algebraic aerodynamic transfer functions for 
each plane of motion, roll, pitch, and yaw, of an 
airframe have been derived, assuming there is no 
cross-coupling between planes. By the use of suitable 
parameters they have been put in standard servo- 
mechanism form, thus assisting the design and analysis 
of control systems for airframes. 

2. Approximate transfer functions have been 
derived for the fixed wing airframe with rear controls, 
for which standard open loop transient and frequency 
responses have been plotted. 


3. When dealing with closed loop auto-pilot 
systems algebraic solutions are difficult to obtain due to 
the high order of the equations to be solved. Calcula- 
tions then have to be made with numerical values either 
with a desk machine or a large computing machine, 
such as an analogue computor. In both these cases it 
is preferable to use the exact rather than the approxi- 
mate transfer functions, provided the solution is not 
thereby made too tedious. With analogue computors 
component imperfections and non-linearities can be 
introduced. With a three-dimensional simulator cross- 
coupling effects between control planes can be included. 
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The Helicopter—Has It a Future?” 


by 


F. H. ROBERTSON, A.F.R.Ae.S 
(Chief Project Designer, Short Brothers & Harland Ltd.) 


T IS ALWAYS DIFFICULT and _ sometimes 
dangerous to estimate future trends and events. 
Nevertheless, it is a most satisfactory outlet for one’s 
imagination and it is, to some extent, necessary unless 
we are to abandon all attempts at shaping our own 
future. 

Before trying to forecast the future of the helicopter, 
I feel that I must define what I mean by a helicopter. 
Resort to the English Dictionary does not help greatly; 
as is so often the case, it has been left behind by 
progress. 

A helicopter is described as “a flying machine 
that should rise vertically by airscrews revolving 
horizontally.” Derivation from the Greek, helix—a 
spiral, and pteron—a wing. This definition indicates 
that every aeroplane having a thrust loading of less than 
one is a helicopter, unless it is propelled by rockets, ram- 
jets or pulse jets! 

The dictionary definition of an aeroplane is “a flying 
machine heavier than air using planes.” From this 
dictum we can deduce that every helicopter is an 
aeroplane. Obviously, we must ignore the dictionary 
and establish our own definitions. 

Raoul Hafner, in his memorable paper, “The 
Domain of the Helicopter.”'’ ran into the same 
trouble and established certain definitions for use in his 
paper as follows: — 

Helicopter: 
an aircraft, heavier than air, capable of sustained 
hovering and embodying wings which, at least 
during the period of hovering, rotate in a free air 
stream and thus supply substantially the total 
lift for support. 

Pure Helicopter: 
a helicopter, the wings of which rotate in a sub- 
stantially horizontal plane and, throughout the 
flight, supply the aerodynamic forces for susten- 
tation and propulsion. 

Compound Helicopter: 
a helicopter, the rotating wings of which supply 
at all times during flight the major part of the 
lift and which in addition embodies substantial 
aerodynamic components such as wings and/or 
propellers that, mainly at higher translational 
speeds, supplement the action of the rotating 
wings. 

Convertible Helicopter: 
a helicopter, capable of conversion during flight 
such that the total lift is substantially transferred 


*A Lecture given before the Belfast Branch of the Society on 
25th January 1955. 
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from the rotating wings to other wings and vice- 
versa. 

I propose to adhere to these definitions in this paper. 
The only one of Hafner’s definitions about which | 
have any doubts is his last one—the “convertible 
helicopter.” If a flying machine hovers on a rotor with 
fixed wings folded and then flies on a fixed wing with 
rotor folded away, I am not too sure whether it should 
be thought of as a helicopter with wings as a flying aid, 
or as an aeroplane with a rotor as a landing aid! How- 
ever, we will stick to Hafner’s definitions for the time 
being, and it is clear that a machine which is capable of 
sustained hovering without the use of rotating wings in 
a free air stream is not a helicopter. It may be a jet-lift 
aeroplane or a space ship, or even a flying bedstead, but 
it is not a helicopter. 

Figures | and 2 are helicopters; according to Hafner, 
Fig. 3 is a convertible helicopter—I would prefer to 
think of it as a convertible aeroplane. 

Having established what is meant by a helicopter, 
let us examine its chances of survival in the process of 
evolution which is going on in flying machines. 

I think it is true to say of all things made by man 
that a thing will survive and possibly flourish if: — 

(a) It can fulfil a purpose which no other thing can 
fulfil. 

It can fulfil a purpose better than any other 
thing. 

It can fulfil a purpose more economically than 
any other thing. 

(d) It can provide man with a pleasant experience. 

Things which fall into category (a) are rare; in fact, 
I cannot think of any at the present time. A new 
invention falling into this category invariably triggers 
off competitive thinking and very rapidly falls into com- 
petition with other ideas, thus making it necessary to 
comply with category (b) or (c). Obviously, there is a 
range of things which fall somewhere between (b) and 
(c) which may survive, but only those which comply 
with (b) or (c) are reasonably certain of survival. 

Category (d) is a dangerous one to play with. A 
thing designed for this condition may provide a quick 
way to a great fortune, but may equally disappear almost 
over-night if fashions change. 

Now it is obvious that the helicopter does not satisfy 
condition (a). A helicopter is a vehicle which can rise 
vertically from the ground, hover, and proceed at will in 
any direction in the air. So can a dirigible balloon, 
and since the successful trials of the Convair convertible 
aircraft (which, according to Hafner, is a helicopter any- 
way) and the Rolls-Royce “flying bedstead,” we know 


(c) 


! 

ey 

cay 

; 

4 


THE HELICOPTER—HAS IT A FUTURE? 763 
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Ficure 1. A helicopter. 


that at least two other types of machine can do the same 
thing. 

Passing on to category (), is there any task which 
the helicopter can do better than other known vehicles? 
Here we are on much safer ground. By its very nature, 
the helicopter achieves its lift by moving a comparatively 
large column of air downwards fairly slowly, whereas 
the jet-lift aeroplane moves one or more small columns 
of air downwards at high velocity. In hovering close 
to the ground, therefore, the helicopter creates less noise, 
less heat and less disturbance to things and people on 
the ground than does the jet-lift aeroplane. At the same 
time, it is much smaller and more easily controlled for a 
given lifting power than is the dirigible balloon. Any 
task, therefore, which involves lifting and holding a load 
near the surface of the earth and moving it short 
distances fairly slowly, seems to be capable of execution 
better by the helicopter than anything else. One can 
think of several such tasks, and it remains but to 
analyse them and to see whether the need for their 
execution is liable to persist in order to lay the founda- 
tion of a future for the helicopter. Fig. 4 lists a number 
of tasks of this nature which I propose to discuss. 

Two favourite tasks of helicopter fans, namely, crop 
dusting and forest fire patrol, have been omitted from 
this list. The reason is that these tasks do not require 
hovering and, therefore, I am not convinced that they 
could not be better done by a low speed aeroplane. 

The first group of three items on the list represents, 
to my mind, a very fruitful field for helicopter operation. 
We have recently had it brought firmly home that when 
flood and tempest fall upon us, the helicopter often 
provides the only practical relief vehicle. In this con- 
nection, one cannot praise too highly the work done by 
the U.S.A.F., but surely it is obvious that Britain and, 
in fact, all countries, should have their own rescue 
helicopter service. 

The Royal National Lifeboat Institution operates 
150 lifeboats around the shores of Britain. Due to the 
limited speed of the lifeboat, these could certainly be 
replaced by about one-third that number of suitable 
helicopters and, what is more important, the lifeboat 
can only carry out rescue operations at sea, whereas the 
helicopter can be equally effective over floods, marshes 
or mountains. 

The same chain of helicopters could improve their 
utilisation by providing service, crew transport, and so 
on, to all the lightships, lighthouses and buoys around 
our coasts; a duty which is at present carried out by 
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Figure 2. A helicopter. 


fairly large ships—large because their slow speed 
demands a round trip to a large number of stations at a 
time. The helicopter could also take over coastguard 
duties. 

Here is a real job for the helicopter in a field where 
competition is unlikely. 

Let us look at what sort of helicopter is wanted for 
the job and see also what drawbacks there are to the 
helicopter as we know it today. 

The most severe criticisms which can be levelled at 
the present-day helicopter are, undoubtedly, that it is 
expensive to buy, expensive to maintain and has too 
short a life. For the purpose at present being examined, 
the first case is not terribly important—after all, a life- 
boat is very expensive compared with any other boat of 
similar size—but simple, inexpensive maintenance, great 
robustness and long life are essentials. 

These qualities can be built into a flying machine— 
even if it is a fatigue producer like a helicopter—by 
allowing the empty to gross weight ratio to rise. 

Such a policy, no doubt, would horrify the purist who 
works out how much it costs in pence per ton mile to 
rescue a drowning mariner but, of course, in this case, 
payload efficiency is irrelevant when compared with the 
ability to do the job all the year round in any weather 
with the minimum of maintenance and the maximum of 
safety. 


Ficure 3. A convertible helicopter or—a convertible 
aeroplane? 
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The Sikorsky §.55 is probably the best helicopter to 
use as an example of current modern practice and this 
machine has a tare to gross weight ratio of 584 per cent. 
and will lift a total of twelve people on 600 h.p. for a 
gross weight of 34 tons. 

Assuming that we could get the desired standard of 
robustness for a tare to gross weight ratio of 70 per cent., 
and that we want to lift twenty-four people, our “ Life- 
boat” helicopter would weigh almost 9 tons and would 
require 1,650 h.p. 

For such a machine, it would probably be sensible to 
over-power it and to fit twin engines. Something like 
the Rolls-Royce Dart, which is currently giving 
1,500 h.p., would seem to be suitable if derated to about 
1,000 h.p. so as to give it a long life and provide single- 
engined performance. I imagine the machine would 
probably look something like the sketch in Fig. 5. 

The excess of power allows a fairly high rotor disc 
loading which minimises the efforts of gusty weather. 
The rotor would be designed for lifting power, rather 
than forward speed—the latter would not need to be 
more than 80 to 100 knots. 

A helicopter like this could be produced for about 
£75,000—£ 100,000 if a quantity of about 200 were built, 
and I cannot see that there would ever be much point 
in replacing it by something “more efficient.” The 
supply of spares, provision of after-sales service and 
steady replacement of aircraft would provide continuous 
employment for a medium sized firm for a more or less 
indefinite period. 

I cannot see any reason why a firm which 
produced such a machine, provided that they really con- 
centrated on robustness and long life, could fail to find 
a good export market in addition to providing the fifty 
or so aircraft required for home consumption. 

Experience gained in operational use would allow 
gradual improvement to be made in successive models 
but the fundamental design would remain unchanged. 
An exact parallel, in fact, to the lifeboat itself. 

The total number of this type of helicopter which 
would be required all over the world would increase 
steadily as more and more nations reach the standard 
of civilisation which insists on some sort of life-saving 
service, and I think it can safely be said with conviction 
that in this field the helicopter definitely has a future but 
requires development towards greater simplicity, robust- 
ness and reliability, rather than towards greater aero- 
dynamic efficiency. 

No mention has been made of any possible military 
use for this helicopter. It is obvious that such a machine 
would have a considerable appeal to all three services 
for a wide range of duties, but I intend in this paper to 
concentrate on analysing the possibilities for the future 
of the helicopter in fields which serve a peaceful world. 

Passing on to the next group of three tasks in Fig. 4, 
(Police duties, inspecting and repairing cables, fences, 
and so on, and patrolling operations), it is difficult to 
imagine a more suitable vehicle to fulfil them than the 
helicopter. 

All require the ability to travel short distances in 
straight lines fairly quickly (sometimes over ground 


TASKS WHICH HELICOPTERS CAN DO BETTER 
THAN OTHER VEHICLES:— 


1. Rescue of personnel and valuable articles from the 

sea. 

Rescue of personnel and valuable articles from 

inaccessible areas on land. 

3. Servicing, crewing and maintaining lighthouses and 
lightships, 

4. Police duties connected with crowd or traffic control. 

5. Inspecting and repairing overland cables, lines and 
fences. 

6. Patrolling operations and controlling smuggling. 

7. Transferring or moving loads into or from surface 
vehicles. 

8. Lifting and positioning materials for the erection of 

large structures. 


tN 


FIGURE 4. 


where there is no alternative transport other than the 
horse), to hover and to take-off and land in very small 
spaces. 

Here again, as in the rescue helicopter, the vital 
needs are robustness, reliability and simplicity of main- 
tenance. The carrying capacity does not need to be 
greater than the average big car—say, four to five 
people and sundry tools, baggage or equipment—a total 
of about half a ton. Taking the S.55 again as a 
measuring stick and increasing the tare weight to 70 per 
cent., the all-up weight should be a little under three 
tons and the power required just under 550 h.p. Follow- 
ing the same philosophy as for the rescue machine of 
over-powering to obtain long life, one engine capable of 
producing about 700 h.p. is desirable. The Napier free- 
turbine version of the Oryx gas-producer seems to be in 
the right range and the helicopter would probably look 
something like the sketch in Fig. 6. 

It should be capable of production at a price between 
£25,000 and £33,000, if quantities of 200 are contem- 
plated. 

As in the case of the rescue machine, it is difficult to 
foresee any sort of vehicle which could do the job better 


Ficure 5. A suggested “ Lifeboat ” 24-seat helicopter with an 
all-up weight of about 9 tons; two “long-life” gas turbines 
giving a total maximum power of about 2,000 h.p. 
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FicureE 6. For Police duties, repairing overland cable lines and 

similar duties. One long-life gas turbine with maximum power 

of about 700 h.p.; all-up weight approximately 3 tons and 
tare/gross weight ratio 70 per cent. 


than this helicopter, the great needs being for more 
reliability, simpler maintenance and longer life. 

The last two items on Fig. 4 envisage the helicopter 
as a replacement for the crane in certain circumstances. 

It is conceivable that the transfer of goods between 
ship and shore and/or land vehicles might be done in a 
wide variety of places where adequate docking equip- 
ment is not available. It is also conceivable that the 
erection of large engineering structures might be 
facilitated by such a machine. 

To be of any real value, the helicopter crane should 
be capable of lifting at least ten tons, but would not 
need to be able to move translationally at more than, 
say, 50 knots in order to move from site to site against 
average winds. 

It would consist almost entirely of rotor and power 
plant, plus a small crew compartment and would have 
to have a very high standard of structural integrity. 
Once again it is doubted whether 70 per cent. could be 
bettered as a tare/gross weight ratio. The weight saved 
by not having a fuselage would probably be absorbed by 
lifting tackle. To lift ten tons then, and to have fuel 
for an hour or so, the helicopter crane would weigh 
about 40 tons, and would require about 6,000 h.p. The 
power loading does not need to be so low as on the 
rescue or patrol helicopter since it will never have to 
climb very high and, what is more, the rotor can be 
designed purely for vertical lifting efficiency—forward 
speed being of negligible importance. 

The helicopter crane might look like the sketch in 
Fig. 7. Gas turbines are probably the lightest form of 
power plant, although it is possible that a very light 
electric motor might be used so that power could be 
generated on the ground and sent to the helicopter by 
cable. 

The disadvantage of this idea is that the machine is 
not self-propelled and becomes less flexible in operation. 


Much has been said about the impracticability of 
using hub transmission on a machine this size. I think 
this is nonsense. I side with Igor Sikorsky who says 
that he cannot envisage a limit yet to the size of a 
mechanically-propelled hub-driven rotor. Herringbone 
gearing in an epicyclic box makes a beautiful job of 


taking the power from several turbines into a control 
slow speed shaft, as has been proven on many ships. 

A machine such as I have depicted would probably 
be made in small quantities and might cost about 
£300,000. On the other hand, it could replace, in one 
shipyard, ten or a dozen static cranes (which could 
easily cost £50,000 each) and, at the same time, be avail- 
able to move in any direction a few miles to do other 
work. It could not hope to compete with the static 
crane in a major port which is already equipped with 
wharves and where several ships can be dealt with at 
once, but it could be used to transfer goods from ship 
to railhead or roadhead where there is no port at all. In 
addition, it would be useful for building such things as 
bridges, oil drills, pylons, and so on, in difficult terrain. 

Consider now the third condition for survival—to 
fulfil a purpose more economically than any other thing. 

Having shown fairly conclusively that there are 
several specialised tasks which the helicopter can do 
better than anything else—tasks where economy is of 
less importance than the ability to do the job—we now 
have to examine the helicopter as a means of doing a 
job in competition with other vehicles which can do 
the same job. 

The obvious task to examine is that of short-haul 
transport for passengers and goods. This is a field in 
which the claims of the helicopter have been strongly 
made by many people on the score that the helicopter’s 
ability to take-off and land at the city centre offsets its 
low cruising speed and poor cruising economy. 

I propose to attack the helicopter because I do not 
think that it is the right vehicle for the job at all. 

Comparisons have been drawn between the 
helicopter with sixty or so seats operating between city 
centres and an equivalent-sized aeroplane operating 
between airports, supplemented by ground transport to 
city centre. These comparisons purport to show that, 
provided the helicopter can be made to cruise at about 
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Ficure 7. A helicopter crane. 
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200 knots, there is a chance of its operating economy 
matching that of the aeroplane/ground transport com- 
bination and, of course, providing a high standard of 
convenience to the passenger. 

However, to arrive at a clear understanding of the 
true position, it is necessary to go into the question of 
operating costs. 

These can clearly be divided into direct costs, such 
as first cost, maintenance, fuel, and so on, and indirect 
costs, such as advertising, administration, property costs, 
and so on. Only the first costs give any measure of the 
efficiency of the aircraft; the indirect costs are a measure 
of the efficiency of the operator and, as such, are outside 
our present interest. 

The condition in which every aircraft operates at its 
maximum efficiency is that in which it is used over the 
maximum range for which it can carry its capacity pay- 
load. In other words, at the point on the payload range 
chart where the horizontal line representing maximum 
payload changes direction. It is my intention, therefore, 
to treat various designs operating in this condition of 
maximum efficiency. 

The accepted method for calculating the direct 
operating cost of an aircraft is that laid down by the 
S.B.A.C., but this method demands a detailed knowledge 
of the aircraft concerned to an extent not readily avail- 
able. I have, therefore, evolved an approximate method 
which can be used with the minimum of data and is, I 
submit, sufficiently accurate for all normal purposes of 
comparison. 

The direct operating cost of an aircraft can be 
divided into three main sections; first cost and insurance, 
maintenance and repair, fuel and oil. There are other 
small costs such as crew salaries and landing fees, but 
these are of such small magnitude that they can safely 
be ignored in an approximate method. 


First Cost and Insurance 


The basic insurance of an aircraft usually works out 
at about five per cent. of the first cost per annum over 
the useful life. In addition, there is a premium per 
passenger seat and per 1,000 lb. of freight which can be 
neglected in a first approximation. If it is assumed that 
the useful operational life of the aircraft is eight years, 
then the insurance can be taken as being 40 per cent. of 
the first cost. First cost is, of course, difficult to fore- 
cast. Ignoring aircraft built in quantities of less than 
twenty, statistical evidence leads me to believe that it 
works out approximately as follows :— 


Cost per lb. wt. of 
equipped aircraft 


Piston-engined aeroplanes £4 
Turbo-prop aeroplanes £5°5 
Turbo-jet aeroplanes 
Piston-engined helicopters £5 
Turbine-powered helicopters £6 
Compound helicopters £6°5 
Convertible helicopters 


Assume then, that first cost and insurance is covered 
by an allowance of 1:4 times the foregoing figure per 
pound of the basic operational weight (B.O.W.) and is 
written off over eight years of operation. Let the annual 
utilisation of the aircraft be 3,000 hours and the mean 
load factor be two-thirds. Then the direct cost in pence 
per ton nautical mile 


_WxC, x 14x 240 x 2,240x3  47WC, 
3,000 x8xVxPx2 VP 


where W = Basic operational weight in lb. 
C, = First cost per lb. B.O.W. in £ 
V = Cruising speed in knots 
P= Payload in lb. 


Maintenance and Repair 

The only guide here is the $.B.A.C. recommendation 
and certain published figures by airline operators. I 
believe the following figures to be approximately 
correct : — 


Cost per lb. B.O.W. 
per year (C2) 


Piston-engined aeroplanes £15 
Turbo-prop aeroplanes £2 
Turbo-jet aeroplanes £2 
Piston-engined helicopters £2-5 
Turbine-powered helicopters £3 
Compound helicopters £3 
Convertible helicopters £3:°5 


Assume that utilisation is again 3,000 hours per year 
and load factor two-thirds. Then direct cost per ton 
mile 


_ WxC, x 240 x 2,240x3  269WC, 
3,000 x Vx Px2 VP 


where W-= Basic operational weight in lb. 
C,= Maintenance and repair cost per Ib. 
B.O.W. per year in £ 
V = Cruising speed in knots 
P= Payload in lb. 


Fuel and Oil 

Assume that this costs 6d. per Ib. and utilisation and 
load factor are as before. Then the direct operating cost 
in pence per ton mile 


Fx6x2,240x3  20,160F 
PxRx2 PR 


where 


F = Fuel carried with maximum payload in Ib. 
P= Payload in lb. 
R= Equivalent still-air range in nautical miles 


Strictly speaking, the fuel weight used should be 
“fuel burned” and the range should be the actual stage 
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distance but, to simplify the process, it is sufficiently 
accurate to use fuel carried and equivalent still-air range. 

We now have all the terms we require to estimate 
the direct operating cost of any aircraft when operating 
at its paint of maximum economy, thus (Fig. 8): — 
Pence per ton mile 


_4TWC, , 269WC, 20,160F _ 
~ VP VP PR 
_ ATW (C,+5-72C,) 20,160F 
~ VP PR 


where 


W = Basic operational weight in Ib. 

C,= First cost per lb. B.O.W. in £ 

C, = Maintenance and repair cost per lb. 

B.O.W. per year in £ 

Fe Fuel carried with maximum payload in Ib. 
V = Cruising speed in knots 
P= Payload in lb. 

R= Equivalent still-air range in nautical miles 


Using this simple equation, let us now examine the 
direct operating cost of several imaginary aircraft, each 
designed to carry sixty people and their baggage over a 
stage distance of 300 nautical miles. 

The types of aircraft I have chosen to examine 
are: — 

(1) Piston-engined aeroplane 

(2) Turbo-prop aeroplane 

(3) Turbo-Jet aeroplane 

(4) Turbo-prop helicopter 

(5) Turbo-prop compound helicopter 
(6) Turbo-prop convertible helicopter 


(1) PISTON-ENGINED AEROPLANE (Fig. 9) 

A well-designed modern aeroplane in this class may 
be expected to cruise at about 250 knots. To do a stage 
of 300 N.M. (nautical miles), a diversion of 200 N.M. 
must be allowed for, plus say, 15 minutes stand-off. 
This means that the E.S.A. (estimated still-air) range 
must be about 570 N.M. 

The basic operational weight of the Ambassador, 
which is designed for peak economy at an E.S.A. range 
of about 650 N.M., is 70 per cent of the all-up weight. 
The Convair, designed for 1,200 N.M., has a_ basic 
operational weight of 65 per cent. Obviously, the 
shorter the design range, the bigger the fuselage and the 
heavier the equipment and consequently, the basic 
operational weight. Assuming a brand new design, we 
will settle for 68 per cent. basic operational weight. 

Sixty passengers and their baggage represent a pay- 
load of 12,000 Ib., and the fuel required for this sort of 
machine to produce an E.S.A. range of 570 N.M. will be 
about 7:5 per cent all-up weight (Ambassador uses 7:64 
per cent A.U.W.). The weight analysis, then, is as 
follows : — 


B.O.W. 68% 33,300 Ib. 
FuelandOil 74% 3,700 Ib. 
Payload 244% 12,000 Ib. 


All-up weight 49,000 Ib. 


TOTAL DIRECT OPERATING COST OF AIRCRAFT 
WHEN OPERATING AT ITS POINT OF MAXIMUM 
ECONOMY—PENCE PER TON/NAUTICAL MILE 


47WC, 269WC2 20,160F 
VP VP PR 


1 id Repai 
47W (Ci + 5:72C2) 20,160F 
VP PR 


where :— 

W= operational weight | F=Fuel carried (Ib.) 
— cost per lb. B.O.W. |V=Cruising speed (knots) 
C:= Maintenance and repair| P= Payload (Ib.) 


cost per lb. B.O.W. per 
year (£) R=E.S.A. range (N.M.) 


FiGureE 8. 


From the terms for first cost and maintenance and 
repair costs, C, and C, are £4 and £1-5 respectively and 
the cost per ton nautical mile is: — 


47 x 33,300 (4+5:72 x 1:5) 20,160 x 3,700 
250 x 12,000 12,000 x 570 


=5-58 + 10°89= 16-47d. 


(2) TURBO-PROP AEROPLANE (Fig. 10) 

A well-designed modern aeroplane in this class 
should cruise at about 300 knots. A diversion of 
200 N.M. and 15 minutes stand-off bring the E.S.A. 
range up to 580 N.M. 

The basic operational weight of the Viscount, which 
is designed for peak economy at an E.S.A. range of 
about 1,100 N.M., is 62-8 per cent. A.LU.W. Assuming 
a brand new design aimed at the desired range, we will 
use 63 per cent. for the basic operational weight. 

Payload is 12,000 Ib. and the fuel required will be 
again about 7°5 per cent A.U.W. (The Viscount would 
require more than this but modern turbo-prop engines 


Ficure 9. A piston-engined transport aeroplane for carrying 
60 passengers and baggage; stage length 300 N.M.. speed 


250 knots. 
Weight analysis: 
B.O.W. 68% 33,300 Ib. 
Fuel and Oil 74% 3,700 Ib. 
Payload 244% 12,000 Ib. 


All-up weight 49,000 Ib. 


Cost per ton nautical mile—16-47d. 
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Ficure 10. A turbo-prop aeroplane for carrying 60 passengers 
and baggage; stage length 300 N.M., speed 300 knots. 


Weight analysis: 


B.O.W. 63% 25,600 Ib. 
Fuel and Oil 74% 3,100 Ib. 
Payload 294% 12,000 Ib. 

All-up weight 40,700 Ib. 


Cost per ton nautical mile—14-59d. 


like the Eland are as economical as piston engines to 
run). The weight analysis, then, is as follows : — 


B.O.W. 63% 25,600 Ib. 
FuelandOil 74% 3,100 Ib. 
Payload 294% 12,000 Ib. 

All-up weight 40,700 Ib. 


From the first cost and maintenance costs, C, and C, 
are £5°5 and £2 respectively and the cost per ton nautical 
mile is: — 

47 x 25,600 (5:5 +5:72 x2) 20,160 x 3,100 
300 = 12,000 12,000 x 580 


=5-66 + 8:93 = 14-59d. 


(3) TURBO-JET AEROPLANE (Fig. 11) 

This should cruise at 400 knots. The Comet, of 
course, is faster than this but the Comet is a long-range 
aeroplane with a much smaller fuselage in proportion; 
200 N.M. diversion and 15 minutes stand-off bring the 
E.S.A. range up to 600 N.M. 

The basic operational weight of the Comet I, which 
is designed for peak economy at 3,000 N.M. is 43-6 per 
cent. A.U.W. Knowing that the structure weight of 
this type of aircraft will have to rise in the interests of 


safety, and that the short range aeroplane is bound to 


Ficure 11. A turbo-jet 60-passenger aeroplane; stage length 
300 N.M., speed 400 knots. 
Weight analysis: 
B.O.W. 52% 17,800 Ib. 
Fuel and Oil 13% 4,500 Ib. 
Payload 35% 12,000 Ib. 
All-up weight 34,300 Ib. 


Cost per ton nautical mile—15-49d. 


have more “ parasite” structure, we will take 52 pei 
cent. as the basic operational weight. 

Payload is 12,000 Ib. and fuel required will be about 
13 per cent. The weight analysis, then, is as follows : — 


B.O.W. 52% 17,800 Ib. 
FuelandOil 13% 4,500 Ib. 
Payload 35% 12,000 Ib. 


All-up weight 34,300 Ib. 


From the first cost and maintenance terms, C, and 
C., are £5-5 and £2 respectively and the cost per ton 
nautical mile is: — 

47 x 17,800 (5:5 +5:72 x 2) 
400 x 12,000 12,000 x 600 


= 2-96 + 12°53=15-49d. 


20,160 x 4,500 


TURBO-PROP HELICOPTER (Fig. 12) 
The Sikorsky §$.55 cruises at 80 knots. The 
Bristol 173 cruises at 98 knots. It seems difficult to 
imagine a pure helicopter cruising at much more than 
120 knots without some radical change in the conception 
of the rotor. 

Diversion and_ stand-off, however, seem to be 
unnecessary with a helicopter, all that is required being 
a reasonable reserve to cope with errors of navigation. 
An E.S.A. range of 400 N.M. should be adequate. 

The basic operational weight of the $.55 is 66 per 
cent. of the all-up weight and that of the Bristol 173 is 
73:5 per cent. I would suggest that the probable reason 
for this is that the twin tandem rotor system is less 
efficient from a weight point of view than the penny 
farthing layout. A fair figure to assume seems to be 
66 per cent. 

Payload is 12,000 lb. and fuel required will be about 
12 per cent. (S.55 uses 16 per cent. to do 400 N.M. at 
80 knots). The weight analysis is as follows: — 


(4) 


B.O.W. 66% 36,000 Ib. 
FuelandOil 12% 6,500 Ib. 
Payload 22%, 12,000 Ib. 

All-up weight 54,500 Ib. 


From the first cost and maintenance terms, C, and 


Ficure 12. A turbo-prop 60-seat helicopter; stage length 
300 N.M., speed 120 knots. 
Weight analysis: 


B.O.W. 66% 36,000 Ib. 
Fuel and Oil 12% 6,500 Ib. 
Payload 22% 12,000 Ib. 

All-up weight 54,500 Ib. 


Cost per ton nautical mile—54.8d. 
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Ficure 13. A turbo-prop compound 60-seat helicopter; stage 
length 300 N.M., 170 knots. 


Weight analysis: 


B.O.W. 69% 41,300 Ib. 
Fuel and Oil 11% 6,700 Ib. 
Payload 20% 12,000 Ib. 


All-up weight 60,000 Ib. 


Cost per ton nautical mile—50-5d. 


C, are £6 and £3 respectively and the cost per ton 
nautical mile is: 


47 x 36,000 (6+5:72 x 3) 20,160 x 6,500 
120 x 12,000 12,000 x 400 
=27:6+27:2=54-8d. 


(5) TURBO-PROP COMPOUND HELICOPTER (Fig. 13) 

In this class we should refer to the Fairey Rotodyne. 
Little information has as yet been published on this 
machine, but it seems that it should cruise at about 
170 knots (although Dr. Hislop in a recent television 
broadcast only claims 150). 

“The Aeroplane” quotes an A.U.W. of 33,000 Ib. 
with two Eland engines, 40 passengers and fuel for 290 
miles. From this, one can deduce that the basic opera- 
tional weight is expected to be about 69 per cent. A.U.W. 
We will use this. 

Payload is 12,000 lb. and fuel will be about 11 per 
cent. for the E.S.A. range of 400 N.M. The weight 
analysis is as follows :— 


B.O.W. 69% 41,300 Ib. 
FuelandOil 11% 6,700 Ib. 
Payload 20% 12,000 Ib. 


All-up weight 60,000 Ib. 


Figure 14. A turbo-prop convertible 60-seat helicopter; stage 
length 300 N.M., 300 knots. 


Weight analysis: 


B.O.W. 66% 29,900 Ib. 
Fuel and Oil 74% 3,300 Ib. 
Payload 264% 12,000 Ib. 


All-up weight 45,200 Ib. 


Cost per ton nautical mile—24-31d. 


From the first cost and maintenance terms, C, and C, 
are £6°5 and £3 respectively and the cost per ton nautical 
mile is: — 

47 x 41,300 (6:5 + 5-72 x 3) + 20,160 x 6,700 
170 x 12,000 12,000 x 40 


=22:5 +28 =50-5d. 


(6) TURBO-PROP CONVERTIBLE HELICOPTER (Fig. 14) 

For this design, we will assume that we take the 
turbo-prop aeroplane, increase the size of the propellers 
until they are suitable for hovering, provide mechanism 
for changing the attitude of the body, as Hafner did in 
his paper” and reduce the wing area to the optimum for 
cruising. 

Broadly speaking, one would have to double the 
propeller disc area and halve the wing area to achieve 
the desired result. The cruising speed would remain 
about the same because the reduced wing drag would be 
offset by the reduced propeller efficiency. 

Halving the wing area should save about 4 per cent. 
of the A.U.W. but the larger propellers will put back 
2 per cent. and the mechanism for rotating the propellers 
in relation to the body axis will certainly add at least 
5 per cent. We finish up with a B.O.W. of 66 per cent. 
of the all-up weight. 

Diversion and stand-off should not be required and 
the fuel required should be the same as for the aero- 
plane, i.e. 74 per cent. A.U.W. The weight analysis, 
then, is as follows: — 


B.O.W. 66% 29,900 Ib. 
FuelandOil 74% 3,300 Ib. 
Payload 264% 12,000 Ib. 


All-up weight 45,200 Ib. 


From the first cost and maintenance terms, C, and C, 
are £7 and £3-5 respectively and the cost per ton nautical 
mile is: 


47 x 29,900 (7 + 5-72 x 3:5) _ 20,160 x 3,300 
300 x 12,000 12,000 x 400 


= 10-52 + 13-79=24-31d. 


These results are condensed and tabulated in Table I. 

Now it is obvious that much criticism can be 
levelled at these estimates, but I maintain that they give 
a true picture of the order of things. 


TABLE I 


ALL DESIGNED FOR 60 PASSENGERS—300 N.M. STAGE 


| Cruise | Cost per 
Aircraft speed | ton N.M. 
(knots)| (pence) 
1. Piston-engined aeroplane 49,000} 250 164 
2. Turbo-prop aeroplane 40.700; 300 144 
3. Turbo-jet aeroplane 34,300} 400 154 
4. Turbine helicopter 54,500; 120 > > 
5. Turbine compound helicopter 60,000/ 170 504 
6. Turbine convertible helicopter 45,200; 300 244 
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No amount of weighting of such factors as utilisation, 
prime cost, or maintenance cost is ever going to bring 
the pure helicopter or the compound helicopter into the 
picture economically. 

The simple facts of the matter are that they are too 
heavy and too slow and, in the case of the compound, 
too complicated. It just is not economical to tow a large 
rotor edgeways through the air. 

The convertible, however, is a different kettle of 
fish. Table I shows it to be at least within striking 
distance economically of the aeroplane and, given 
sufficient development to iron out the many severe 
problems—control during transition, safety during 
hovering to quote but two—this class of aircraft might 
one day approach the aeroplane as an economical 
vehicle. 

I say “ might” advisedly because the analysis of the 
convertible helicopter points the way to another and 
even more interesting method of transport—the jet lift 
aeroplane. 


The Jet Lift Aeroplane 


I do not suggest that the jet lift aeroplane will come 
right into the city centre—it would be far too noisy— 
but it could be used nearer to the city because it does 
not need a runway and the take-off point could be 
positioned near to the most economical of all short 
range transport—the tube train or mono-railway. 

At Farnborough in 1954 the Rolls-Royce “Soar” 
turbo-jet was shown, which produces (according to 
Jane’s All the World’s Aircraft) 1,860 lb. thrust for a 
weight of 267 lb.—a specific weight of 0-14. 

It does not need a great stretch of the imagination to 
foresee this figure being developed down to 0-1. 

If we assume that the specific fuel consumption is 
similar to most jets and is about one Ib./Ib. thrust / hour 
and that we require our vertical lift engines for 
six minutes, then the installed weight of jet engines and 
the necessary fuel should be achievable at 20 per cent. 
of the A.U.W. 

Using vertical take-off and landing, we can now 
design our wing for the cruising condition, save about 
4 per cent. A.U.W. in wing structure and raise the speed 
by about 6 per cent. for the same thrust. Powerful 
wheel brakes and heavy tyres will no longer be necessary 
and the undercarriage should save about 2 per cent. of 
the all-up weight. 

Applying vertical take-off to the turbo-jet aeroplane 
(Fig. 15) we now have a cruising speed of 425 knots and 
a basic operating weight of 56 per cent. The weight 
estimate becomes : — 


B.O.W. 56% 29,200 Ib. 
FuelandOil 21% 10,800 Ib. 
Payload 23% 12,000 Ib. 


All-up weight 52,000 Ib. 


and the cost per ton nautical mile becomes :— 


47 29,200 (5:-5+5:-72 x2) 20,160 x 10,800 
425 x 12,000 12,000 x 500 


=4-56 + 36:1=40-66d. 


Ficure 15. A vertical take-off turbo-jet 60-seat aeroplane; 
stage length 300 N.M., 425 knots. 


Weight analysis: 


B.O.W. 56% 29,200 Ib. 
Fuel and Oil 21% 10,800 Ib. 
Payload 23, 12,000 lb. 


All-up weight 52,000 Ib. 
Cost per ton nautical mile—40-66d. 


This figure is disappointing. Comparing it with the 
convertible helicopter it is seen that the fixed costs (pur- 
chase, repair and maintenance, etc.) have been halved 
but the fuel bill trebled, due to the great thirst of the 
turbo-jet for lifting purposes. 

It may be that there is a compromise between the jet- 
lift aeroplane and the convertible helicopter which 
would be better than either, but I have a shrewd 
suspicion that the convertible I have analysed represents 
the most economical vertical take-off aircraft which can 
be envisaged. 

This being so, I maintain that the helicopter will not 
replace the aeroplane on short haul transport, purely on 
the score of economics. 

The only case I can see for it is on very short haul 
indeed—say fifty miles or so—and then only in 
geographical locations where a lightly loaded aeroplane 
is impracticable. 

I am quite convinced that the largest single improve- 
ment which could be made to the airline system is the 
introduction of direct high speed underground or mono- 
rail transport between city centre and airport. 

So much for economics. 

We now pass on to the last of all of my conditions 
for survival—the provision of pleasure. 

In this category, I believe that the helicopter is com- 
pletely unrivalled. I have flown in many light aero- 
planes and in most of the current helicopter types and, 
in my personal opinion, the helicopter is the most 
delightful machine to ride in. 


Ficure 16. A four-five seat helicopter with a range of 300 
miles and a speed of 80 knots which might sell for as little as 
£5,000. 


__ 
7 
See 
Se 
aN 4 
bs 
Bus 
y 
‘ 


the 
ur- 
ed 
the 


et- 


St 


as 


F. H. ROBERTSON 


THE HELICOPTER—HAS IT A FUTURE? 771 


Ficure 17. An American light aeroplane which costs 
approximately $7,500. 


If a safe, comfortable and cheap four-seater could be 
produced with a speed of about 80 knots, a range of 
300 miles and a price of £5,000, I believe it would 
sell well. This should be possible—particularly if the 
rotor and its controls are simplified—and it would 
probably look like the sketch in Fig. 16. 

Before this happy state of affairs can be reached, 
however, the mechanical integrity of the helicopter will 
have to be much improved and ways and means found 
for making it cheaper. 

In America, where light aircraft abound, one can buy 
the aeroplane shown in Fig. 17 for about $7,500 whereas 
that shown in Fig. 18 costs $27,000! 


Conclusions 

Summing up then, I feel that the helicopter has a 
future for doing jobs which it can do better than other 
aircraft, but that it has no hope of competing on airline 
service with the aeroplane. 


FiGurE 18. An American helicopter which costs approximately 
$27,500. 


The main requirements for future development 
are: — 
SIMPLICITY 
INTEGRITY (LONG LIFE) 
SAFETY 
LOW FIRST COST 


AUTHOR’S NOTE 

This paper was written a year ago. The figures 
given for factors C, and C,, should be increased today by 
about 30 per cent. and 15 per cent. respectively, accord- 
ing to my observations of current trends. 
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Contractants: A New Method for the Numerical Evaluation of Determinants 


R. H. MACMILLAN, Mem.A.S.M.E. 
(Department of Engineering, Cambridge) 


NEW METHOD for evaluating determinants or 
A matrices is given; it is rather tedious to describe and 
awkward to prove, but is very easy to use. The chief 
advantages this method is believed to possess are: 

(i) It involves as few arithmetical manipulations as 
does the most rapid method of pivotal condensa- 
tion currently used. 

(ii) It is easier than any other known method to learn 
and to remember. 

(iii) It can be adapted to routine computation, in such 
a way as to minimise the likelihood of error. 

(iv) A digital computor can readily be programmed 

to use it. 


METHOD 

The process of reduction is as follows. Every second 
order minor with elements in adjacent rows and columns 
of the original determinant is evaluated, and the figure so 
obtained written down in the middle of that minor, i.e. 
half a column to the right of the leading element and half 
a row below it. From a determinant of order n an array 
of order (n—1) is derived in this way. Using a single 
suffix notation, we thus obtain from the determinant 


| 

| 
the array 

a, b, | b, I 

| a, b, b, 2 | 
b, 
| | @ 5, | b, 
| a, b, | b, C3 
b, C5 
| Pu- | 
| Pn qn | 


or, describing each array by its diagonal members, 
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| @, b,c, Pear @ | 


The resulting array is reduced one order by the same 
rule, except that each element is now obtained by dividing 
the value of the minor by the figure from the original 
determinant which appears in its centre. The leading 
element of the next array, for instance is 


a,’ b,’ | a,’ b, | 


This process is now repeated, the value of the minor 
being divided each time by the figure in its centre, from 
the preceding array. Evaluation, by the same rule, of the 
second order array to which the determinant is finally 
reduced gives the desired numerical value. 


NUMERICAL EXAMPLE 
An example will make this explanation clearer: 


| | 1| 
4-3 3 1 | 
| | | -18 | 6 
| 2 4 || 

5-7-2 |[-10 24 =56 


PRESENCE OF ZEROS 

A difficulty arises when zeros appear in any but the 
outside rows or columns of the determinant or arrays. 
since this will involve subsequent division by zero. There 
are two ways of dealing with this: 

(i) Rearrange the rows or columns until all the zeros 
are on the outside (where they actually serve to 
reduce the amount of computation); or, if this is 
not possible, 

(ii) Transform the determinant by adding one row or 
column to another, so as to eliminate the 
objectionable zeros. 

This technique cannot ensure that no internal zeros 

will appear in subsequent arrays, although in practical 
applications this is not likely to occur. 


PRACTICAL AIDS TO COMPUTATION 

Since the numerals in each minor evaluated always 
form a square of the same size, a “ window” can be cut 
out of a piece of paper and moved across the array during 
computation so as to reveal only the figures of the 
particular minor being evaluated, together with its central 
figure. In this way, errors of reading can be minimised. 
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It is also possible to envisage several schemes using 
specially prepared paper with an array of “ windows” cut 
in it; this could facilitate computation and reduce to a 
minimum the amount of writing needed to carry out the 
calculation. 


JUSTIFICATION 

The proof of the correctness of the method follows 
from a rearrangement in symmetrical form of some reduc- 
tion formulae for determinants given, for example, by 
Aitken”, (p. 49). The general expression can be written* 


| a,b, Cy = 


The accuracy of this expression for the second and third 
orders, that is 


| 4, | | 5, | 
| 1 5, | \a,||b, ||! 
bs | | | 


can easily be verified by direct expansion. The expression 
for the fourth order includes just those symbols written 
explicitly in the general expression above. 

Successive reductions of the original determinant 
according to these formulae lead to an expression identical 
with the one obtained from the process which has been 
described. 


SYMBOLIC REPRESENTATION OF METHOD 
An alternative approach is to consider an array, such as 


a, b, P, 

b,’ . De 
a, b, q; 

, 

a, b,, Ch : Pn Qn 


*I am indebted to my colleague, A. T, Fuller, for pointing out 
this relationship to me. 


which may be written, briefly, as 


and is distinguished from a determinant by the double 
lines. Then it can be shown that if the array is defined by 
the property I: 


” 


where a,” = |a,b,|/a,’, etc., then the array is related to a 
determinant by the property II: 


This is a symbolic expression of the rules originally 
given, in terms of the new type of array or double deter- 
minant, which it is suggested might be called a contractant, 
on account of the ease with which its order can be 
reduced. 


CONCLUSION 

A new and practical scheme has been proposed for the 
numerical reduction of determinants and matrices. It is 
remarkable that this very simple method should apparently 
have remained undiscovered for so long. 


Note Added in Proof 

The method has a further interesting and useful 
property. If this original determinant, of order (n— 1), is 
the stability test function 7,,_, of an equation of order n, 
then the leading elements of the successive contractants 
obtained during reduction are the remaining test functions 
T,,_». Furthermore, since, as is well known, 
every coefficient a, can be replaced by a,,_;,, So rotating the 
test determinant through two right angles, it follows that 
both the first and last elements of the leading diagonal of 
each contractant must be positive. This fact will often lead 
to the quicker identification of an unstable motion. 
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The Effect of Excess Scavenge Air on the Pressure Drop in the Cylinder of a Two- 
Stroke C ‘ycle Engine During Exhaust Blowdown 


by 
R. S. BENSON, M.Sc.(Eng.), A.M.I.Mech.E., A.M.I.Mar.E. 


(Lecturer in Mechanical Engineering, University of Liverpool) 


HE LAWS of reflection of pressure waves at 
temperature discontinuities are well known”. Of 
particular interest is the effect of temperature discon- 
tinuities on the pressure conditions in the exhaust 
pipes and cylinders of two-stroke cycle engines, both 
models and running engines. Model experiments are 
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usually performed at low temperatures with the 
cylinder release temperature and exhaust pipe tempera- 
tures of the same order; under these conditions the 
reverse type of temperature phenomenon occurs to that 
in running engines with excess scavenge air. In the 
case of a model during the exhaust blowdown the gas 
from the cylinder reaches the exhaust pipe with a 
greater density than that of the gas initially in the 
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exhaust pipe. Thus there is a temperature discon- 
tinuity between the two masses of gas, and pressure 
waves from the cylinder are reflected as rarefaction 
waves at this discontinuity, while in the latter case, in 
an engine running with excess scavenge air (i.e. air 
supply greater than the cylinder swept volume) the gas 
adjacent to the ports in the pipe is at a higher density 
than that from the cylinder, causing pressure waves 
from the cylinder to be reflected as pressure waves. 
Thus in models there will be a tendency to accelerate 
the discharge from the cylinder, while in engines there 
will be a tendency to retard the discharge. 

These phenomena may be readily examined by the 
method of characteristics. In the present note four 
cases corresponding to discharge from a cylinder to 
atmosphere with and without a pipe are discussed and 
analysed by this method. In the case of discharge 
from a cylinder with a pipe the variable entropy from 
particle to particle during the blowdown is neglected. 
In addition, a long exhaust pipe is considered since this 
avoids interference from reflected waves from the open 
end, the timing of which would depend on the length 
of the pipe. 

The basic characteristic equations describing one- 
dimensional isentropic flow in the exhaust pipe are: 
(Refs. 2, 3, 4) 


POSITION DIAGRAM (Fig. 1(a)) 


MACH LINES (1) 
dx uta 

dt 1 

PATH LINES (2) 


STATE DIAGRAM (Fig. 1(b)) 


xX, tf are space-time co-ordinates 
a,u are the local speed of sound and particle 
velocity respectively 
y is the ratio of specific heats; assumed con- 
stant and equal to 1-4 


The pressure and velocity at the inlet to the pipe are 
equated to the cylinder pressure by the following 
equations, assuming uniform pressure across the pipe 
at the vena contracta for subsonic flow through the 


ports. 

7 


(4) 


SUBSONIC 
FLOW THROUGH 
PORTS Po 


THROUGH 
PORTS 


SONIC FLOW ( 


ll 


Suffices 0, 2, 3, refer to cylinder stagnation, vena 
contracta and pipe inlet conditions respectively, p is 
pressure, and y is the ratio of port area to pipe area. 
Equation 4 is plotted in Fig. 2, the relationship 
between u,, a, and u, being given by the quadratic 


For a long pipe the boundary points on the state 
diagram at the inlet end can be obtained by direct 
integration of the positive characteristics in equation (3) 
if the reflected wave from the temperature discontinuity 
is neglected. For an initial exhaust pipe, pressure 
equal to atmospheric pressure p, equation (3) on 
integration yields 


a,, speed of sound at atmospheric pressure in 
the cylinder corresponding to isentropic 
expansion to pa 

a,, speed of sound in exhaust pipe at beginning 
of discharge. 

Equation (6) can be represented as a straight line 
on Fig. 2. @,, and a,, are at the same pressure, the 
ratio a,,/a@,, can therefore be expressed as a direct 
function of the entropy difference (s,-—s,) between the 
pipe and the cylinder thus: 


(5) 


=2C,Ln . . @ 


C, is the specific heat at constant pressure, s, and s, 
are the entropy levels in pipe and cylinder respectively. 
Flow into a dense region corresponds to a lowering of 
the entropy level a,,>a,,; flow into a rarefied region 
corresponds to an increase in entropy level. The pipe 
pressure will therefore be greater in a dense region than 
in a rarefied region for the same cylinder pressure p, 
and initial exhaust pipe pressure p,. At the same time 
there will be a smaller particle velocity in the dense 
region (Fig. 2). For equal cylinder release and exhaust 
pipe temperatures, corresponding to model conditions, 
the phenomena associated with the rarefied region 
occur. Equation (6) in conjunction with Fig. 2 can be 
used to plot the pressure development in the pipe 
directly by iterative methods without the use of 
characteristic diagrams. 


In a running engine with excess scavenge air the 
temperature of the gas in the pipe adjacent to the ports 
at closure will be approximately equal to the tempera- 
ture of the cylinder contents. For these conditions the 
entropy ratio may be estimated, neglecting the change 
in the composition of the gas due to combustion; this 
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FiGure 1(a). Position diagram. 


where px is the release pressure; as would be expected 
the ratio a,,/a@,, decreases with release pressure. 

In establishing equation (6) the effect of the reflected 
waves at the temperature discontinuity was neglected. 
The temperature discontinuity in the exhaust pipe of an 
engine running with excess scavenge air, as mentioned 
previously, reflects pressure waves on the cylinder side 
of the discontinuity as pressure waves, and at the same 
time the magnitude of the transmitted wave is increased. 
The former effect tends to increase the downstream 
pressure at the ports, thus retarding the flow. The 
magnitude of these effects will vary from problem to 
problem, but an example is given here for an engine 


running at 2,340 r.p.m. with release pressure 5 atmo- 
spheres absolute, release temperature 3,060°F., and 
exhaust pipe temperature adjacent to ports 250°F. The 
ports reach full open position in 30 crank angles, 
corresponding to an area ratio Y=1. The cylinder 
length is constant and the velocity of approach in the 
cylinder is neglected. The characteristic diagrams are 
shown in Figs. 1(a) and 1(b). The state diagram is 
drawn for both gas from the cylinder and gas initially in 
the exhaust pipe. The ordinate scale corresponds to 
equal pressure for both zones but different speeds of 
sound® at the temperature discontinuity both the 
pressure and velocity are the same. The Mach lines 
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FIGURE 1(b). 


corresponding to the disturbance are shown by full lines 
in the position diagram, the path line of the temperature 
discontinuity by a broken line. The reflection waves 
from the open end and the head of the cold gas column 
are not shown in Figs. l(a) and 1(b) since the pipe 
iength and volume of excess scavenge air were selected 
to avoid reflection effects during the blowdown period. 
The indicator diagrams of the pressure-time develop- 
ment in the cylinder and pipe near the port are shown in 
Fig. 3. The irdicator diagram shows that the pressure 
drop in the cylinder is unaffected by a pipe or waves 
reflected from a temperature discontinuity in a pipe up 
to about 18° crank angle. This is due to the flow 
through the ports being sonic and thus unaffected by 
downstream conditions. 

In addition to the foregoing case the indicator 
diagrams for three other conditions are also shown in 


Cs, 


State diagram. 


Fig. 3, corresponding to (i) no pipe, (ii) pipe with no 
excess scavenge air, (iii) pipe with excess scavenge air 
but reflected waves from temperature discontinuity 
neglected. In the first case a special method developed 
by the author“ was used; in the second and third cases 
the method outlined above was used. The pressure 
drop in the cylinder was calculated by means of the 
differential equation 


_ 
a, V.. U; Ps 


where F,=pipe cross-sectional area; V.=cylinder 


volume. 
It will be seen from these calculations that the effect 
of the temperature discontinuity due to the cold air 
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was to retard the discharge from the cylinder and 
indeed, for this example, there was only a very small 
pressure drop across the ports for a long period at the 
end of the discharge, which was due to the long small 
diameter exhaust pipe and large volume of scavenge 
air, with a shorter pipe and/or less scavenge air, the 
reflected waves from the open end would reduce the 
pressure at the ports. It is interesting to note that with 
a temperature discontinuity of the magnitude used in 
this example it might be expected that the return wave 
would have greater magnitude in the running engine 
than in a model where only a small temperature dis- 
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FiGure 2. Boundary chart. 
adjacent to the ports is most marked. The major effect continuity is present. The magnitude of the return 


wave however, will be reduced as it passes through the 
discontinuity in the reverse direction. The problem, 
however, is more complicated than the present example 
since for small pipes the discontinuity might pass out 
of the pipe and another set of conditions ensue. 

For a multi-cylinder engine the passage of hot gases 
along the pipe from other cylinders would probably 
increase the temperature of the gas adjacent to the 
ports, thus reducing the temperature effects. A bad 
exhaust pipe or box design might leave pockets of cold 
gas adjacent to the ports with a consequent effect on the 
discharge rate from the cylinder. 
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FiGurE 3. Indicator diagrams in cylinders and exhaust pipe. 
ACKNOWLEDGMENT from a Cylinder. Proceedings of the Institution of Mech- 
anical Engineers, Vol. 159, p. 269, 1948. 


Fig. 2 is taken from a joint paper by W. A. Woods 
and the author, not yet published. The author wishes 
to thank Mr. Woods for permission to publish this 
chart prior to the joint paper. 3. 
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A Simple Approximation for Plate Deflection Problems 


by 
R. K. KAUL and V. CADAMBE, M.S., A.F.I.Ae.S., A.F.R.Ae.S. 
(National Physical Laboratory of India, New Delhi) 


HE PROBLEM of bending of thin elastic plates has 

interested mathematicians and engineers for many 
years. Various methods have been put forward for 
determining the approximate solutions among which 
the variational method of Ritz is most common. This 
procedure leads to a system of linear simultaneous 
equations, the solution of which is often quite tedious, 
although generally by taking a few rows and columns 
quite accurate results are obtained. The purpose of 
this note is to show that by using bar eigen-functions for 
plates which are either clamped, or when some edges 
are freely supported, certain simplifications can be made 
in the process and the difficulty of solving simultaneous 


Received 9th June 1955. 


equations can be avoided; and that the deflection surface 
of the plate can be derived directly in a series form. 

The deflection w,x,,, of a thin isotropic elastic plate, 
corresponding to distributed load q,x,,) and to flexural 
rigidity D, satisfies the differential equation, 


AAw=q/D, in 


and the boundary conditions 


(1) 


w=0 and (2) 
along the clamped edges, and 
w=0 and 0?w/dén*+v0?w/ds*=0 (3) 


along the freely supported edges. 
It is well known that corresponding to the Euler’s 


— 
= 
— 
4 
1 
FS 


al 


2) 


3) 


TECHNICAL NOTES- _KAUL V. 


differential equation (1), the variational problem is 
a ob 
(Awe -2gw]dxdy. (4) 
00 


where G- q/D, and the boundary conditions (2) and 
(3) are in effect. Ritz’s approach to the problem lies in 
determining an approximate wave shape for the deflec- 
tion surface of the plate which satisfies the stipulated 
boundary conditions of the problem and also makes the 
potential energy J (w) of the deformed plate in the con- 
figuration of equilibrium a minimum. All types of 
functions have been used for w,x,,) without regard to the 
computational labour involved. If, however, use is 
made of bar-eigen-functions then much of this labour 
can be saved, since the coefficients along the principal 
diagonal of the resulting matrix are found to be the pre- 
ponderant terms in the matrix as compared to others, 
making the effect of other terms in the series negligible. 

Let the function “,, (x) be the solution of the simpler 
base problem of the vibration of a clamped-clamped bar. 
The motion of a uniform bar vibrating sinusoidally is 
governed by the differential equation 


=k,,4P,, (x) (5) 
subject to the boundary conditions 


at x0 and a. The eigen-function which satisfies (5) 
and (6) is 
{8 ky (x—a/2) _ coshk,, 
Ja cos k,,a/2 cosh a/2 
where k,,a is the m'" positive root of the transcendental 
equation 
tan k,,a/2=—(— 1)" tanh k,,a/2. ; (8) 
The ortho-normal eigen-function (7) possesses the 
property of orthogonality 


(x) (x) dx= 


2,” (x) (x) dx (9) 


FS 


where 6,,, is the Kronecker’s delta and the additional 
property 
a 
(x) (x) dx= | (x) «p,’ (x) dx. (9a) 
0 0 
If the deflection surface of the plate be represented by a 
double infinite parameter-laden series 


Wx, = A mn (x) (vy) (10) 


where ‘P,, (x) and WV, (vy) are two such clamped-clamped 
bar eigen-functions in the x and y directions, then on 
substituting in the Ritz integral (4) and using the mini- 
mising condition 0J/@Ain=90, leads to the system of 
equations"? 
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ab 
An | J P(x) (vy) dx dy = 
(except mn=rs) 
ab 

Neglecting the effect of the terms A,, in the above 
equations, since the coefficient of A,,, is predominant in 
the matrix, we find 


?,, (x) W,, (y) dx dy 


a b 
k 2 (x) (x) (y) W,, (y) dx dy 
00 


(12) 
Now 


a ob 


16 tan (k,,a/2) tan (k,,b/2) 
WV, y dxdy= 
J ( ) : Jab Kinkn 
for the clamped-clamped bar eigen-function and, there 
fore, the plate deflection surface is 


q_ NS 

Jab m 


(k,,a/2) tan (k,,b/2) 


+, (x) 
a ka + k,* + 26 (x) ’ (y)dx dy} 


(13) 


Making use of the table of characteristic functions 
prepared by Young and Felgar*:*?, the coefficients Aj. 
from equation (12) can be easily determined for various 
combinations of m and n except when (m+ n)= odd. 
For a square plate (a=) the first few generalised 
coefficients are 


A mn qv l 3 


5 
1 0-000,52945 —-0-000,01722 0-600,00200 
3 0-000,01722 0-000,00271 


5 000, 00200 


Making use of the same <ibilin where the values of the 
functions ‘P,, (x) and WV, (y) are tabulated at intervals of 
x/1=0-02, the maximum deflection at the centre of the 
plate (x=y=a/2) from equation (13) is w, —0-001,2728 
ga’, and for flexural rigidity D,=Er /(12(1~ the 
corresponding value, (for v=0-3), is 


w, —0-013,899 ga' /(Et’) 


which is only seven-tenth per cent. higher than the value 
obtained by Timoshenko by a much longer analytical 
process. 

The same procedure may be extended to plates with 
mixed boundary conditions. In the case of rectangular 
plates where adjacent edges are clamped and the other 
two are freely supported, the boundary conditions for 
the corresponding bars are 


?,, (x) — 0 and (x) / Ox = 0 


ab 
[ | (x) ?,, (x) ¥,” (y) ¥, (y) dx dy | 
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TABLE I. 
COMPARALIVE VALUES OF DEFLECTION ALONG THE DIAGONAL OF 
SYMMETRY OF A SQUARE PLATE CLAMPED ON THE ADJACENT TWO 
SIDES AND FREELY SUPPORTED ON THE OTHER EDGES 


Location Authors Conway Stiles 
y x x x xqa' 
O-2a O-2a 0:000,2636 0:000,314 00003 
0-4a 0-4a 0-001,5073 0-001,607 0-0016 
0-002,0317 0:002,104 = 
0-6a 0-002,1626 0:002,170 0-0022 
0-001,0668 0-001,025 0-0010 


at the clamped edge, and 
and 0?,,(x)/0? x=0 

at the freely supported edge. The bar eigen-function 
which satisfies the differential equation (5) and the above 
set of boundary conditions is 

{ sin km (x—a) sinh kn (14) 

cos k,,a cosh k,,,a 
for 


where k,,,@ is the m'" root of the transcendental equation, 


1 
- 
(x 


tan k,,a= tanh k,,a. 

The Ritz energy integral (4) holds for the boundary 
conditions of this problem and the eigen-function 
possesses all those properties mentioned in (9). 

The equation of the plate deflection surface in this 
case 1S 


Wix,y) = 
Jab mn 


(2—sec k,,a—sech k,,a) (2—sec k,,b—sech k,,b) 


ab 
(15) 
Making use of the characteristic value tables, the first 
few coefficients A,,, for a square plate are determined as 


A mnq4 l 2 3 
0-000,998507 0:000,019959 0-000,022452 
2 0-000,019959 0000,000903 0-000,001452 
3 0-000,022452 0-000,000343 


0-000,001452 


Using these coefficients, the deflection along the 
diagonal of symmetry is calculated for the uniformly 
loaded square plate and the results are compared with 
those obtained by Stiles, by a modified minimal principle 
and by Conway’, by superposition method. Table | 
shows that the results obtained by the approximate 
method compare favourably with the values obtained 
by Stiles and Conway, even though boundary constraints 
were relaxed in their case. 

By combining the two eigen-functions corresponding 
to the clamped-clamped and clamped-supported bars, 
the deflection of plate, clamped on three sides and sup- 
ported freely on the fourth can also be determined quite 
accurately. The series approximation of the deflection 
surface in this case is 


na 
Wix.y) 
Jab mn 
kb/2 
ab 


where Ana and | ,,” (4) dx refer to the 


clamped-supported bar eigen-functions and WV, k,> and 
b 
dy to the clamped-clamped functions, 


The procedure can also be extended to skew plates with 
similar boundary conditions. If the included angle be 
(x/2—z) then the deflection surface is 

NO 
Wa 


Cy) dx dy 


ab 
00 
and, therefore, the deflection at any point in the oblique 
plate can be determined for any oblique angle « and 
for any of the three boundary conditions. The eigen- 
functions used in this case are the same as in rectangular 
ab 
plates, and therefore the integral | rao, (y) dxdy 
0 0 
takes one of the three values as in expression (13, 15 or 
16). 

For plates which are either clamped or supported: 
use of bar eigen-functions, therefore, greatly simplifies 
the numerical process, as the solving of a system of 
simultaneous equations can easily be avoided without 
any loss of accuracy. However, for plates where one 
or more edges are free, this simplification cannot be 
effected since the clamped-free bar eigen-functions in 
such a case firstly do not satisfy the natural boundary 
conditions and secondly, the coefficients of the principal 
diagonal of the matrix are not sufficiently predominant 
to make the effect of other terms in the series negligible. 
The large difference introduced in this case, therefore, 
does not warrant the use of the approximation suggested 
here. This procedure may, therefore, be used only in 
those cases of plates where the boundary conditions are 
such that the Gaussian Curvature is zero and the results 
are required to engineering accuracy only. 
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VIBRATION PROBLEMS IN ENGINEERING (Third Edi- 
tion). S. P. Timoshenko (with the collaboration of D. H. 
Young). D. Van Nostrand, New York, 1955. 468 pp. Dia- 
grams. 65s. 

Those who are interested in the subject of mechanical 
vibration are fortunate in that there are a few very fine 
books indeed to which they can turn in times of need or 
distress. Of these, Timoshenko’s Vibration Problems in 
Engineering is an oustanding example. “It is in Timo- 
shenko” is a comforting assertion in vibration theory, 
implying that it (whatever “it” is) will be set out in an 
understandable form in a book which is probably familiar 
already to the reader. 

In preparing this (the third) edition, Professor Timo- 
shenko has been assisted by Professor D. H. Young. These 
writers have set out to make the book more up to date 
without simply adding new material and so increasing its 
bulk. The result is, in the main, very successful. 

Chapter I deals with systems having one degree of 
freedom and it has been thoroughly revised both in content 
and arrangement. Perhaps the most striking change lies 
in the increased emphasis that has been placed upon 
transient vibration; both analytical and graphical treat- 
ments of it are discussed. A considerable number of prob- 
lems have been added. 

The subject of non-linear vibration is dealt with in 
Chapter If and this portion of the book has been consider- 
ably enlarged. Of the new material, two important topics 
have been dealt with particularly well—namely the phase- 
plane-displacement technique of Jacobsen and the applica- 
tion of Ritz’s method to non-linear systems; this latter is 
treated without the use of variational methods. Obviously, 
one cannot expect anything like a thorough treatment of 
such an enormous subject as non-linear vibration in a 
single chapter of a book of this sort. Therefore it is 
desirable that the treatment should be carefully sign-posted 
with references, not only to original papers, but to modern 
books on the subject. The reviewer feels that, in this 
respect, more might be done by way of improvement. For 
instance, the powerful phase-plane methods have received a 
rather scanty treatment in the text which could more easily 
be adopted if reference had been made to the book by 
Andronow and Chaikin (Theory of Oscillations, Princeton 
University Press). 

The previous edition of this book has served, and served 
well, both as a textbook and as a reference book. In the 
reviewer's opinion, the present one is, in one respect, some- 
what more of a work of reference and has a slightly 
diminished value for teaching purposes. This view is 
expressed with some trepidation; it may not be shared by 
others and, indeed, some may well feel that, for the very 
same reason, precisely the reverse is true. The question 
arises in Chapters III and IV which are concerned with 
two- and n-degree-of-freedom systems respectively; they do 
not differ greatly from previous editions save in one 
important respect. Lagrangian methods have been 
dropped. This is because it is thought that the equations 
of motion of vibrating systems are best set up by the 
more familiar principle of D’Alembert. That may or may 
not be so: but it is surely not the whole story. The main 
attraction of Lagrange’s method is that it permits one to 
impart generality to vibration theory through the discussion 


of inertia and stability coefficients as a class. That is not 
what the practising engineer is usually after—for him, 
Lagrange’s equations are merely a means of setting up 
differential equations and it is true that he can generally 
dispense with them for this purpose. Lagrange’s equations 
are most useful when the engineer thinks of the theory of 
vibration in general terms and if he does not do this in a 
university, it is not at all likely that he will acquire the 
ability to do so later. 

If Chapters III and IV are the cause of some slight 
misgivings, Chapter V (the last) more than compensates for 
this. This chapter deals with elastic bodies and is 165 
pages long. It has been thoroughly revised and amplified; 
for instance, there is now a treatment of coupled bending 
and torsional vibration of beams. 

Finally, the Appendix of the second edition (which 
deals with vibration measuring instruments) has been left 
out. It has certainly dated. 

In reviewing this book, the previous edition has been 
taken as the standard of comparison. The new one is 
undoubtedly an improvement upon the old. And the old 
has long been accepted as one of the best and most 
important on the subject of vibration. This is a very fine 
book indeed.—Rk. E. D. BISHOP. 


SONICS—TECHNIQUES FOR THE USE OF SOUND AND 
ULTRA SOUND IN ENGINEERING AND _ SCIENCE. 
Theodor F. Hueter and Richard H. Bolt. John Wiley & Sons 
Inc., New York. 465 pp. Illustrated. 80s. 

The authors explain that “ Sonics ” is the technology of 
sound—akin to electronics, say. Thus they have set them- 
selves a very wide field to cover, and have chosen what 
seems to be the only way of giving a lucid account, namely 
to start off with the necessary fundamentals, then apply 
them to transducers before dealing with the technological 
applications. 

The question of units is faced squarely and settled right 
at the start: M.K.S. is certainly the choice for this magneto- 
electro-mechanical-acoustical field. Engineers (who should 
at least peruse this book, even if it does not seem to be 
their line) may squirm at Young’s moduli in newtons per 
square metre—but the thoughtful authors have provided a 
most useful comparative table of M.K.S., c.g.s. and English 
units at the back of the book. (Oddly enough the label 
“ wave-number”™ still remains, referring to a unit of 
[Length] ', to lead the innocent astray.) 

A consequence of the general aim to meet the needs of 
a heterogeneous population (the basic knowledge and 
mathematics required for an understanding of the book is 
surprisingly small) seems to be that some of the arguments 
of the vitally important early ‘“ fundamental” chapters 
have become somewhat sketchy and far from rigorous. 
Fortunately the authors have been alive to this and have 
provided a useful collection of references for those with a 
more searching and inquisitive mind (and with more than 
intermediate knowledge!). 

These chapters, “ Basic Principles and ‘“ Radiation’ 
are charged with getting over the ideas of vibration, wave 
motion, impedance and the like so as to provide a “ basic ™ 
language for what follows. 

Then follow two fine chapters on piezoelectric and 
magnetostrictive transducers, a most valuable part of the 
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book, covering over a hundred pages—one only wishes 
there were more so as to reduce the specific gravity of these 
pages. 

In “Physical Mechanisms” the division between 
analysis and processing methods is made—in the former 
the intensity of sound is incidental so long as the signal is 
measurable for applications like flow detection, underwater 
signalling, determination of elastic and molecular proper- 
ties and viscosity, while the latter demands acoustic power 
to produce certain effects, such as degassing, emulsification, 
coagulation, surface cleaning, or changing the viscosity. 
Forces on particles in a sound field, large amplitude effect, 
streaming and the like are discussed. Cavitation gets a 
good deal of attention because of its wide applications in 
many bicchemical and physicochemical laboratories. 

Then * Sonic processing *: here the ideas of the earlier 
chapters find their applications—cleaning of small parts, 
ultrasonic soldering, vibrators for laundering or ultrasonic 
therapy. Drilling by ultrasonic or sonic vibrations is 
described—the former for small holes of any shape (in 
material like glass, steel or even tungsten carbide)—the 
latter even for oil wells! 

* Sonic Testing and Analysis * deals with various tech- 
niques and their application to the measurements of elastic 
moduli and internal damping of solids, flaw detection, and 
so on (herring being a flaw in the ocean!), The emphasis 
here is rightly on the fundamentals of the technique rather 
than the technology. 

A forty page Appendix deals largely with acoustical 
relaxation in fluids and is a useful introduction for the 
non-physicist. 

This book is written for readers from many fields—it is 
well worth reading by all, for its contents are stimulating 
and interesting. Much of the analysis can be skipped in a 
quick read through for those wanting to find what it is all 
about; they will be well rewarded. There is a lot in this 
book—the reviewer's own feeling is that it might have been 
extended with advantage by another ten shillingsworth, and 
to have included microphones more generally, reproducers 
and sound analysers. At 80s. it will find a place on the 
bookshelves of only those directly interested in this new 
business of sonics, but every technical library should 
possess a copy, and it should soon become well used.— 
ALAN POWELL. 


GREAT AIRMEN. Wing Commander Norman Macmillan. 
Bell, London, 1955. 270 pp. Illustrated. 12s. 6d. 

This book contains biographical stories of 23 airmen, 
from the Wright brothers to Charles Yeager and Arthur 
Murray, who have flown faster and higher than anyone 
else in the world, pushing piloted flight to the very brink 
of space. 

Inevitably there has been criticism of the author's choice 
of subjects, and it is apparent that he has preferred to 
include those who are already well documented, rather 
than search for entirely new material. But, although Lord 
Trenchard did not win fame as a pilot, why should he have 
been omitted, as some critics have suggested? There is 
no greater man of the air age, and he is infinitely pre- 
ferable to Heinz Knoke, whose chief claim to greatness is 
that he wrote a blood-and-thunder account of his wartime 
experiences as a fighter pilot in Hitler’s Luftwaffe. 

His story, like all the others, is well told by Norman 
Macmillan, whose combined talents as author and ex-test 
pilot ensure an absence of over-technicoloured description 
and adolescent hero-worship. The exploits of men like 
Blériot, de Havilland, Ball, von Richthofen, Kingsford 
Smith, Doolittle and Cheshire appear all the greater because 
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they are written in an airman’s style, which makes up in 
honesty what it sometimes lacks in literary quality. 

We see the Wrights in their true light, as scientists rather 
that trial-and-error pilots; share the early disappointments 
and admire the persistence of A. V. Roe; relive the deadly 
excitement (and almost smell the castor oil!) of First World 
War dog-fighting; understand the purpose of Alan Cob- 
ham’s long-distance flights of the °20s, which blazed a trail 
for the airlines; and are reminded that test flying in the 
supersonic era is not all glamour and high-speed demon- 
strations at Farnborough. 

Above all, this book shows that there was no golden age 
of flight, as some writers, like Nevil Shute in Slide Rule, 
would have us believe. Every stage from the stick-and- 
string Wright Flyer to the 1,650 m.p.h. Bell X-1A rocket- 
plane has demanded men of vision, courage and 
outstanding ability. Great Airmen is the right kind of book 
to inspire the youngsters of today, who must themselves 
become pioneers of the whole new concept of safer, faster, 
more economical flying promised by the new generation of 
fantastic “ Flying Bedsteads”” and needle-nosed research 
aircraft.—JOHN W. R. TAYLOR. 


COMBUSTION RESEARCHES AND REVIEWS, 1955. Pub- 
lished for AGARD by Butterworths Scientific Publications, 
London, 1955. 187 pp. Illustrated. 35s. 

The present volume contains a record of the papers 
presented at the 6th and 7th meetings of the AGARD 
Combustion Panel, held respectively at Scheveningen, the 
Netherlands, and Paris, France, in 1954. The 6th meeting 
was devoted to the presentation and discussion of four 
papers dealing with the combustion of fuel sprays, carbon 
formation and diffusion flames, while the 7th meeting was 
concerned with the subjects of flame stabilisation, and 
spray formation and combustion. In addition there are 
two contributions on similarity in combustion systems, and 
a Bilingual List of Technical and Scientific Combustion 
Terms (English and French). 

The papers presented at the 6th meeting take the form 
of reviews of the topics discussed and, as such, are quite 
valuable. Particularly impressive are the clear method of 
presentation of the more theoretical aspects of carbon 
formation, and the subsequent paper (in French) on carbon 
formation and deposits in aircraft turbines. 

There is still a great amount of controversy on the 
subject of flame stabilisation, both as to the mechanism 
of flame extinction and the exponent / in the equation: 

Extinction Velocity z (Baffle Size)’. 
Should / be 0-5 or 1-0? The question remains unanswered 
and the uncertainty is exemplified in the four papers dealing 
with flame stabilisation. It is unfortunate that these 
authors have not attempted to represent their experimental 
results in the form of non-dimensional parameter (e.g. 
Peclet or Reynolds numbers) as was suggested at the Sth 
meeting of the panel, and subsequently found to be satis- 
factory. It is also regrettable that the editor has not seen 
fit to include a record of the discussions on these papers, 
for one feels that these would have been very illuminating. 

The papers on the combustion of fuel sprays are mainly 
concerned with the practical aspects of the problem and 
the use of empirical equations to correlate experimental 
results and to predict the performance of new systems. 
However there is not yet sufficient evidence to determine 
which equation is most suitable for a particular purpose. 

To sum up, the present volume (Agardograph No. 9) is 
of value to workers in the combustion field in that there 
are 14 papers collected into one binder, and many possibi- 
lities for future research are suggested. But to omit to 
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publish the discussions prevents the reader from obtaining 
as much benefit from the proceedings of these meetings as 
would otherwise have been possible.—s. S. TALL. 


STUDIES FOR STUDENT PILOTS. Michael Royce. Pitman, 
London, 1955. 282 pp., 8 plates and 149 diagrams. 25s. 

The pupil pilot must absorb a wide range of information 
if he is to fly intelligently and safely. For instruction in 
the actual handling of the controls the written word is 
inadequate and a human instructor indispensable. For a 
knowledge of the theory on which the skilled pilot bases 
his actions, however, we prefer to turn to a book such as 
this. The author has set down the information required by 
a pilot aspiring to the Private or Commercial Pilot's 
licences under the headings of Meteorology, Theory of 
Flight, Navigation, Instruments and Engines. 

Mathematical explanations have been avoided almost 
completely, the physical explanations are soundly based 
and the sketches are excellently drawn. Nevertheless, by 
shunning the shorthand of mathematics, the author has not 
eliminated symbols altogether. The text is liberally 
sprinkled with initials such as C.P.L., W/V, T.M.G., A.A., 
Q.F.F. and N.T.E. The book would be little longer if the 
phrases such as “ wind velocity” and “angle of attack ” 
had always been written in full. 

The student may well be appalled at the extent of the 
knowledge expected of him, but his instructor may be able 
to guide him. Wind speeds are so difficult to forecast 
accurately that many pupils would be advised to skip the 
complicated computation of courses and to practice draw- 
ing triangles of velocity on a scrap of paper. They would 
then correct their flight courses after a few miles of 
experience. The author does well to urge the value of 
using a map when travelling by train, car or cycle. The 


ability to visualise a scene from the map symbols is the 
essence of finding the way in the air. 

It is probably the Theory of Flight section that 
beginners will have to read most carefully. After studying 
this book no pupil should again explain a deviation of the 
slip needle from the centre by saying that “he was flying 
on the crosswind leg”; nor should anyone again turn into 
wind to lower cylinder temperatures.—a. H. YATES. 


CIVIL AIRCRAFT RECOGNITION, 1955. John W. R. 
Taylor. Ian Allan Ltd., London, 1955. 66 pp. Illustrated. 
2s. 6d. 

Although, in his introduction, the compiler claims this 
as only covering “initially all British and foreign civil 
aeroplanes likely to be seen in the U.K.” it is still the 
excellent half-crown value one now expects from this series. 
The usual alphabetical order of manufacturer is followed, 
with A. V. ROE coming after AUSTER and before BOEING. 
—F.H.S. 


GAS TURBINES AND JET PROPULSION. G. Geoffrey 
Smith. Sixth Edition, revised and enlarged by F. C. Sheffield. 
Iliffe, London, 1955. 412 pp. 340 Illustrations. 35s. 

This book was first published in 1942 and since then 
has been generally regarded as the standard work in the 
gas turbine field. Since the death of the author in 1951, 
the work of revision has been assumed by his associate, 
Mr. F. C. Sheffield, who has, in this latest edition, brought 
the whole text up-to-date and enlarged it. New chapters, 
since the Fifth Edition of 1950, include fuel systems, rotat- 
ing wing propulsion and research, testing and maintenance 
and the whole book has been re-set in larger and more 
readable type. 
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AERODYNAMICS 


COMPRESSIBLE FLOW 


Analytical treatment of two-dimensional supersonic flow. Part 
1. Shock free flow. R. E. Meyer and J. J. Mahony. A.R.L. 
Report A.93 (April 1955). 

A solution is presented for the general, wave-interaction 
problem of steady irrotational, homentropic flow of a 
perfect gas. It can be interpreted as a convergent process 
of successive approximations, based on the solution of 
Linearised Theory, for shock-free flow. It constitutes an 
approximate solution for flow with weak shocks.—(1.2.3). 


CONTROL SURFACES 


Theoretical analyses to determine unbalanced trailing-edge 
controls having minimum hinge moments due to deflection at 
supersonic speeds. K. L. Goin, N.A.C.A., T.N. 3471 (August 
1955). 

Analyses based on theoretical results of N.A.C.A. Report 
1041 have been made to determine the plan forms of 
unbalanced trailing-edge flap-type controls having minimum 
hinge moments due to deflection and requiring minimum 
work to overcome the hinge moments due to deflection at 
supersonic speeds. Ratios of lift and rolling moment to 
hinge moment and ratios of lift and rolling moment to 
deflection work at fixed values of lift and rolling effectiveness 
were used as bases for the analyses.—(1.3). 


FLuip DYNAMICS 
See also INTERNAL FLOW 


Acoustic radiation from two-dimensional rectangular cutouts 
in aerodynamic surfaces. K. Krishnamurty. N.A.C.A., T.N. 
3487 (August 1955). 

Subsonic and supersonic flow of air past rectangular cavities 
cut into a flat surface were studied. The cavities were found 
to emit a strong acoustic radiation. These acoustic fields 
were investigated by means of schlieren observation, inter- 
ferometry, and hot-wire anemometer.—( 1.4). 


Some measurements of flow in a rectangular cutout, A. Roshko. 
N.A.C.A., T.N. 3488 (August 1955). 

The flow in a rectangular cavity, or slot, in the floor of a 
wind tunnel is described by the results of pressure and 
velocity measurements. Pressure distributions on the cavity 
walls as well as measurements of friction are presented. 
The effects of varying depth-breadth ratio are shown.—(1.4). 


INTERNAL FLOW 


Some effects of the addition of heat to a one-dimensional high 
speed air flow. P. S. Barna. A.R.L. Report ME.73 (November 
1954). 

This paper is mainly concerned with the experimental 
investigation of heat transfer to air flowing at high speed 
inside a duct. Recently published theories indicate that if 
heat is transferred to a compressible fluid flow, fixed mass 
flow and inlet conditions, which are normally maintained 
for an incompressible fluid will not necessarily persist for 
the compressible fluid. Discrepancies, both qualitative and 
quantitative, are found to exist between the results of the 
experiments and the predictions of published theories and 
the nature of these discrepancies is discussed in detail.— 
(1.5.41 1.4% 1.2). 


THERMO-AERODYNAMICS 


Etude thermique des écoulements d'air raréfié en régime 
moléculaire libre. F. Marcel Devienne. Pubs. S. & T, N.T.55 
(1955).—(1.9.1). 


Unstable convection in vertical channels with heating from 
below, including effects of heat sources and frictional heating. 
S. Ostrach. N.A.C.A., T.N. 3458 (July 1955). 

Solutions are found for the cases in which the wall temper- 
ature variations are linear and (1) the wall temperatures are 
specified. (2) the walls are both insulated, and (3) the net 
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mass flow in the channel is zero. The heat sources affect 
the flows in essentially a quantitative manner, changing the 
stability characteristics of the flows only when both walls 
are insulated. The effects:of frictional heating are important 
in certain ranges of the parametric values, especially near 
critical Rayleigh numbers.—(1.9.1). 


Laminar free convection on a vertical plate with prescribed 

nonuniform wall heat flux or prescribed nonuniform wall 

temperature. E.M. Sparrow, N.A.C.A., T.N. 3508 (July 1955). 
An analysis is made for laminar free convection on a vertical 
plate with prescribed non-uniform thermal conditions at the 
surface. For the situation where the wall heat flux variation 
is prescribed, graphs are presented from which the resulting 
variation of the wall temperature and local heat-transfer 
coefficient can be found. Results for the important special 
case of uniform wall heat flux are given.—(1.9.1). 


Heat transfer at the forward stagnation point of blunt bodies. 

E. Reshotko and C. B. Cohen, N.A.C.A., T.N. 3513 (July 1955). 
Relations are presented for the calculation of heat transfer 
at the forward stagnation point of both two-dimensional 
and axially symmetric blunt bodies. The relations for the 
heat transfer, which were obtained from exact solutions to 
the equations of the laminar boundary layer, are presented 
in terms of the local velocity gradient at the stagnation 
point. These exact solutions include effects of variation 
of fluid properties, Prandtl number, and transpiration cool- 
ing. Examples illustrating the calculation procedure are 
presented.—(1.9.1). 


WINGS AND AEROFOILS 


Tests on a swept-back wing and body with endplates and wing 
tip tanks in the compressed air tunnel. C. Salter and R. Jones. 
With an appendix: Comparison between the measured lift and 
drag and calculated values for the wing with tip tanks. Dr. J. 
Weber. C.P. No. 196. 
Results are given of experiments carried out to determine 
the effect, in respect of lift, drag and pitching moment, of 
wing tip tanks and of two sizes of endplates on the tapered 
swing wing model already examined and described (R. & M. 
2738). The tests were undertaken primarily in order to 
extend the range of Reynolds number for checks on the 
theoretical considerations of C.P.104.—(1.10.2.2). 


Simple evaluation of the theoretical lift slope and aerodynamic 
centre of symmetrical aerofoils. H.C. Garner. R. & M. 2847 
(October 1951, published 1955). 
A simple method is presented of calculating theoretical 
values of the lift slope (a,), and the position of aero- 
dynamic centre h, in two-dimensional incompressible flow. 


Starting with the ordinates of an aerofoil the method in 
section 3 provides first and second approximations to both 
derivatives, which are compared with exact theory and other 
calculated values in Tables 2 and 3 for various symmetrical 
aerofoils listed in Table 1. In section 5 a corréction to the 
first approximation is introduced so as to permit the evalu- 
ation of (a,), within + per cent. and /, within about 0-001 
in less than a quarter of an hour. A complete illustrative 
calculation is set out.—(1.10.1.1). 


Methods for calculating the lift distribution of wings (subsonic 

lifting-surface theory). H., Multhopp. R. & M. 2884 (January 

1950, published 1955). 
Some fairly simple and economic methods are given for 
calculating the load distribution on wings of any plan form 
based on the conceptions of lifting-surface theory. The 
computer work required is only a small fraction of that of 
existing methods with comparable accuracy. This is achieved 
by a very careful choice of the positions of pivotal points, 
by plotting once for all those parts of the downwash integral 
which occur frequently and by a consequent application of 
approximate integration methods similar to those devised by 
the author for lifting-line problems.-(1.10.1.2). 


Wind-tunnel tests on the N.A.C.A. 63A-009 aerofoil with 
distributed suction over the nose. N. Gregory and W. S. 
Walker. R. & M,. 2900 (September 1952. published 1955). 
(8:10.21); 
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High-speed wind-tunnel tests on six wings of 40-deg sweepback, 

with various section shapes. L, N. Holmes and A, B. Haines. 

R. & M. No, 2930 (1955). 
Tests have been made in the Royal Aircraft Establishment 
High-Speed Wind Tunnel on six wings, all of the same plan 
form (aspect ratio 3-5, taper ratio 0-4, quarter-chord sweep 
40°) and thickness/chord ratio (10 per cent.) but of different 
section shapes. Four of the wings had symmetrical sections, 
one was cambered and one was twisted with camber varying 
from root to tip.—(1.10.2.2). 


Downwash behind wings at supersonic speeds, A simplified 

method for calculation and experimental results for wings with 

small aspect ratio. Willi Jacobs. F.F.A. Report 61 (1955). 
A simplified method is developed for calculating the down- 
wash behind straight wings with supersonic velocity. For 
this method a vortex system is assumed consisting of a 
single bound vortex and of the free vortices lying in the 
horizontal plane. The circulation distritution along the span 
is then approximated by a polynom for the terms of which 
the downwash field behind the wing is calculated and 
graphically recorded. The terms of the polynom have such 
a form that nearly all lift-distributions of practical interest 
can be approximated with good accuracy. A comparison 
of the simplified method with exact calculations shows very 
good agreement.—(1.10.1.2). 


Determination of mean camber surfaces for wings having 
uniform chordwise loading and arbitrary spanwise loading in 
subsonic flow. S, Katzoff et al. N.A.C.A. Report 1176 (1954). 
Methods involving integrations around the wing boundary 
are presented for computing mean camber surfaces to 
support uniform chordwise loading, with either uniform_or 
non-uniform spanwise loading, in subsonic flow. For 
polygonal wings with uniform area loading, analytical 
expressions are developed for both the slopes and the 
ordinates of the mean camber surfaces. Mean camter 
surfaces of several calculated wings are shown.—(1.10.1.2). 


An analytical study of the effect of airplane wake on the lateral 

dispersion of aerial sprays. W. H. Reed. N.A.C.A. Report 

1196 (1954). 
An analysis is made to determine the trajectories and deposit 
of aerial spray droplets which are issued into the air 
disturbances generated by an agricultural aeroplane. Various 
nozzle arrangements and droplet-size spectra are considered 
with a view to improv:ng the uniformity and effective width 
of the deposit —(1.10.1.2 x 5.4.1). 


Aerodynamics of a rectangular wing of infinite aspect ratio at 

high angles of attack and supersonic speeds. J.C. Martin and 

F. S. Malvestuto, N.A.C.A., T.N. 3421 (July 1955). 
Perturbation of the flow over a two-dimensional flat plate 
at finite angles of attack is used to obtain a first-order 
evaluation of damping in roll, lift and moment due to an 
increment in angle of attack, and lift and moment due to 
steady pitching velocity for a rectangular wing of infinite 
aspect ratio at supersonic speeds. Results are valid for the 
range of Mach number and angle of attack for which the 
flow -ehind the shock is supersonic. {1.10.1.2). 


Effects of sweep on the maximum-lift: characteristics of four 

aspect-ratio-4 wings at transonic. speeds. T. R. Turner. 

N.A.C.A., T.N. 3468 (July 1955). 
An investigation at transonic speeds has been made to 
determine the effect of wing sweep on the maximum lift 
characteristics of a series of wings having an aspect ratio 
of of and the quarter-chord line swept 
back 0°, 35°, . and 60°. The Mach number varied from 
0-61 to 1-20 ad ‘a Reynolds number variation from 380.000 
to 460,000. Lift data are presented from approximately 
zero lift to beyond maximum lift. Drag and_ pitching- 
moment data are also presented.—(1.10.2.2). 


Flow studies on flat-plate delta wings at supersonic speed. 

W. H. Michael. N.A.C.A., T.N. 3472 (July 1955). 
An experimental study has been made to investigate some 
aspects of the nature of the flow around flat-plate delta 
wings. Vapour-screen, pressure-distribution. and ink-flow 
studies were made at a Mach number of 1:9 on a series of 
semi-span delta-wing models with slender wedge aerofoil 
sections and very sharp leading edges. The models had 
semi-apex angles ranging from 5° to 31°75°.-(1.10.2.2), 


Correction of additional span loadings computed by the 
Weissinger seven-point method for moderately tapered wings 
of high aspect ratio. J. DeYoung and W. H. Barling. 
N.AC.A., T.N. 3500 (July 1955). 
A simple procedure is found which results in more accurate 
span loadings, lift-curve slopes, and span-wise centres of 
pressure being read directly from the charts of N.A.C.A. 
Report 921. The new results. compare very well with 
experiment and with theoretical results believed to be 
accurate.—(1.10.1.2). 


The transonic characteristics of 22 rectangular, symmetrical 

wing models of varying aspect ratio and thickness. W. H. 

Nelson and J. B. McDevitt. N.A.C.A., T.N. 3501 (June 1955). 
An investigation utilising the transonic-bump technique was 
made to determine the aerodynamic characteristics at 
transonic Mach numbers of 22 rectangular wings having 
aspect ratios of 6, 4, 3, 2, 1:5, 1, and 0°5, and N.A.C.A. 
63A0XX sections with thickness-to-chord ratios of 10, 8, 6, 
4, and 2 per cent. The Mach number range was 0°4 to 1-1, 
corresponding under the test conditions to a Reynolds 
number range from 1:25 to 2:05 million. These data are 
presented without analysis ——(1.10.2.2). 


Effect of trailing-edge thickness on lift at supersonic velocities. 

D. R. Chapman and R. H. Kester. N.A.C.A., T.N. 3504 (June 

1955). 
Lift forces on various rectangular plan form wings were 
measured in the Mach number range between 1-5 and 3-1 at 
Reynolds numbers between 0°55 and 2:2 million. The 
wings differed in trailing edge thickness, profile shape, maxi- 
mum thickness ratio, and aspect ratio. Measurements were 
made on wings with and without a boundary layer trip and 
are compared to theoretical calculations. Calculated results 
using shock expansion — are presented for Mach 
numbers up to 10.—(1.10.2.1). 


HELICOPTER AERODYNAMICS 


The normal component of the induced velocity in the vicinity 
of a lifting rotor and some examples of its application. W. 
Castles and J. H, De Leeuw. N.A.C.A. Report 1184 (1954). 
A method is presented for computing the approximate 
values of the normal component of the induced velocity at 
points in the flow field of a lifting rotor. Tables and 
graphs of the relative magnitudes of the normal component 
of the induced velocity are given for selected points in the 
longitudinal plane of symmetry of the rotor and on the 
lateral rotor axis. A method is also presented for using 
the tables and graphs to determine the interference induced 
velocities arising from the second rotor of a tandem or 
side-by-side-rotor helicopter and the induced flow angle at 
a horizontal tail plane —(1.11.3). 


Supplementary charts for estimating performance of  high- 

performance helicopters. R. J, Tapscott and A. Gessow. 

N.A.C.A., T.N. 3482 (July 1955). 
Charts published in N.A.C.A. T.N. 3323 for estimating the 
performance of high-performance helicopters were applicable 
to rotors having hinged rectangular blades with a linear 
twist of —8°. Supplementary WK) are presented herein 
covering twists of 0° and — 16°.—-(1.11.3). 


TESTING AND INSTRUMENTS 


The use of quartz in the manufacture of small diameter pitot 
tubes. J. R. Cooke. A.R.C., C.P. No. 193 (1955). 
The method of manufacture is described of small quartz- 
tipped pitot tubes (down to 0-005 in. outside tip diameter) 
which have been used successfully for boundary layer 
measurements on small models in a supersonic wind tunnel. 
Tests have been made (a) of the effects of taper and end 
finish on the accuracy of measurement and (h) of the effect 
of the inside diameter of the tip (for a standard taper) on 
response rate. For a given inside tip diameter the tapered 
quartz tubes gave a faster response rate than the stainless 
steel hypodermic tubes previously used.—(1.12.0). 


Requirements for uniformity of flow in supersonic wind tunnels. 
D. E. Morris and K. G. Winter. A.R.C., C.P. 197 (1955). 
An analysis is made of the effects of non-uniformity of flow 
on the pressure measurements on the surface of a model 
and also on the force and moment measurements and the 
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following standards of flow uniformity are derived: vari- 
ations in flow direction to te less than +0°1° in the range 
M=1-4 to 3; variation in Mach numter to be less than 
+0-003 at M=1-4 increasing to +0°01 at M=3. A brief 
analysis is made of the errors in model manufacture and 
their effects on force and pressure measurements.—({1.12.1). 


Wide range amplifier for turbulence measurements with adjust- 
able upper frequency limit. H. Schuh and D, Walker. C.P. 
No. 198 (1955). 

Requirements are discussed for an amplifier suitable for 
subsonic and supersonic turbulence work with hot wires. 
Such an amplifier needs to have a constant gain at low 
frequencies, and a gain rising in proportion to frequency at 
high frequencies, to compensate for the thermal lag of the 
hot wire, A fairly sharp cut-off is required at the high 
frequency end, and it is desirable that this cut-off frequency 
should be adjustable, so as to limit the tand width of the 
amplifier to no more than vis essential, thus preserving the 
maximum “ signal-to-noise” ratio. The amplifier should 
also be free of interference arising from external vibrations 
or from the power supply. An amplifier is described which 
has a frequency range from 1:4 c/s to 50 Kc/s, dealing with 
a FE of thermal time lag from 0-1 m.s. to 5 m.s.— 
(1.12.6.3). 


Experiments on a temperature recovery system for a blow- 
down supersonic wind tunnel. T, A. Thomson. A.R.L. Report 
A.91 (1955). 

Results of tests on stagnation temperature control by passing 
the air through a mass of glass-wool, located between the 
pressure reservoirs and the working section, are reported. 
A substantially constant temperature was achieved for the 
length of run expected from theory but the detailed perform- 
ance of the system differed markedly from that expected 
from it. The effects of differences between the conditions 
of the practical installation and the assumptions of theory 
are examined in detail, but the cause of the discrepancy is 
not definitely established.—(1.12.1.3). 


Perturbations of supersonic nozzle flows. R.E, Meyer, A.R.L. 
Report A.92 (1955). 

Small, steady perturbations of general two-dimensional 
steady, shock-free, supersonic flows are studied and the 
perturbation fields of symmetrical nozzle flows are described 
in detail. The relation between errors in the shape of the 
supersonic part of the nozzle liners and the deviations from 
uniformity of the flow in the test-section is given to an 
approximation. sufficient for the treatment of a number of 
problems e:X% from experiment and in the design of 
nozzles.—(1.12.1.3). 


Reference pressure probes for an orifice-type icing detector. 
D. Fraser and D. C. Baxter. N.A.E. Laboratory Report LR-129 
(April 1955). 

The operation of an orifice-type icing detector depends on 
having a suitable reference pressure source. A flush-type 
static vent may not provide this, especially when the detector 
is used in an engine intake duct. However, tests show that 
a production form of icing detector prote can be modified 
to provide a suitable reference pressure if it is de-iced or 
anti-iced. A reference probe which is particularly insensitive 
to yaw is also described.—(1.12). 


Test facilities due to the compressed air magazine andthe 
steam power plant at Flygmotor. Birger Lind. —Flygmotor 
Technical Note 1 (May 1953), 

The Engine Research Facilities of Svenska Flygmotor AB 
at Trollhattan are planned and designed for research and 
development work on turbo-jet and ram-jet engines. The 
plant permits full scale testing of engine components and 
of complete engines with air flows, pressures and temper- 
atures equivalent to those occurring during flight under 
severe conditions. In addition to the test facilities for 
engines and engine components, the plant also comprises 
several wind tunnels for aerodynamical research.—(1.12.1). 


Recovery and time-response characteristics of six thermocouple 
probes in subsonic and supersonic flow. T. M. Stickney. 
N.A.C.A., T.N. 3455 (July 1955). 

Experimental data obtained from’ three shielded and three 
unshielded thermo-couple probes are presented. Data taken 
in air at room temperature over the ranges 0:2 to 2:2 Mach 
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number and 0:2 to 2:2 atmospheres total pressure show 
reproducible systematic variations of recovery with Mach 
number, ambient pressure, flow angle, and probe design. 
Time-constant data determined at Mach 0:2 and room 
temperature and pressure indicate that unshielded probes are 
several times faster in response to temperature changes than 
shielded probes.—(1.12.6). 


Practical considerations in specific applications of gas-flow 

interferometry. W. L. Howes and D. R. Buchele. N.A.C.A., 

T.N. 3507 (July 1955). 
By extending the analysis in N.A.C.A. T.N. 3340, equations 
which simultaneously account for refraction and corner 
effects are derived for evaluating one-dimensional density 
fields from optical interferograms. The random error in 
measuring fringe shifts is determined. Spurious surface 
phenomena are discussed and a simple method for model 
alignment is described. A method for determining the 
density at a surface is described. Systematic and random 
errors are computed for three representative experimental 
situations.—(1.12). 


AEROELASTICITY 


Flutter and resonance characteristics of a model cantilever wing 

carrying localised masses. N.C. Lambourne. R. & M. 2866 

(April 1951, published 1955). 
Resonance tests on a model cantilever wing carrying concen- 
trated masses were made in conjunction with the flutter tests 
of R. & M. 2533. Measurements were made with masses 
up to approximately five times the mass of the bare wing 
added at the following positions in the section 0-3 span 
from the root of the wing: (/) Externally 0:28c ahead of the 
leading edge, (ii) Internally 0:3c behind the leading edge. 
The flutter and resonance characteristics are placed in 
juxtaposition and an attempt is made to correlate the two 
sets of phenomena by means of the Kiissner criterion.—(2). 


Measurements of two-dimensional derivatives on a wing-aileron- 

tab system with a 1541 section aerofoil. Part 1—Direct aileron 

derivatives. K. C. Wight. R. & M. No. 2934 (1955). 
Measurements have been made of the direct two-dimensional 
damping and stiffness derivatives for a 20 per cent. aileron 
on an aerofoil with a 1541 section in incompressible flow. 
Corrections arising from the apparatus are discussed and 
reference is made to an attempt to measure the direct tab 
derivatives. The effects are shown of frequency parameter, 
amplitude of oscillation, Reynolds number, aileron angle 
and position of transition on the wing.—(2.0). 


Mathematical methods for calculating wing divergence and 

aileron effectiveness of elastic wings. A. 1. Van De Vooren. 

N.L.L. Report F.160 (February 1955). 
Homogeneous integral equations of which the lowest 
characteristic value determines the wing divergence speed 
or the aileron reversal speed have been derived. The 
characteristic function is equal to the wing twist. The 
accuracy of Galerkin approximations, introducing assumed 
twist functions and yielding the divergence or reversal speed, 
is discussed.—(2). 


The influence of the chord-, span-, and gear ratios on binary 

aileron-spring tab flutter. A.C. A, Bosschart. N.L.L. Report 

F.166 (1955). 
The influence of the chord-, span-, and gear ratios on 
binary aileron-spring tab flutter has been investigated by 
determining the conditions which should exist between the 
inertia parameters in order that absolute stability, /e. 
stability at all speeds, is reached. Results are presented in 
diagrams. The validity of criteria of Sharpe and of 
Wittmeyer and Templeton has been examined and a new 
criterion is presented.—(2.0). 


Theoretical investigation of flutter of two-dimensional flat 
panels with one surface exposed to supersonic potential flow. 
H.C. Nelson and H. J. Cunningham. N.A.C.A., T.N. 3465 
(July 1955). 
A Rayleigh type analysis is used to treat the flutter of a two- 
dimensional flat panel supported at its leading and trailing 
edges and subjected to a middle-plane tensile force. with 
a supersonic stream over its upper surface and still air 
below. —(2), 
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FLIGHT TESTING 


Development of instrument pod for flight research. R. Licciardo, 
Z. A. Merfield and C. Tremayne. A.R.L. M.E. Tech. Memo 
131 (February 1955). 
Details are given of an instrument pod installation on 
Vampire A78-2 for recording the static pressure distribution 
at the aircraft wing tip section.—{13.0). 


MATERIALS 


Report on the machinability of aircraft steel D.T.D. 331 (B.S.S. 
99) using H.S.S. tools. J. Cherry. CoA Note No. 25 (April 
1955). 
In all the tests conducted the results obtained were reason- 
ably consistent. High Speed Steel Tools containing 18 per 
cent. Tungsten and 5 per cent. Cobalt were used throughout. 
Tests were conducted to seek a relationship for applying 
the basic life tests to cylindrical milling.—{21.2.1 x 28). 


Application of sub sonic vibrations during solidification of 
castings with particular reference to a material for gas turbine 
blades—* H.R. Crown Max.” Hinchliff. and Josiah W. 
Jones. CoA Report No. 89 (April 1955). 
The theoretical relations are considered between micro- 
structures of castings and their mechanical properties and 
the possible effects and advantages of vibration during 
solidification; the design of a melting furnace and a 
mechanical vibrator to te used together, and the use of 
sillimanite tonded with Ethyl Silicate as a material for 
moulds to withstand vibration.—(21.2.1 x 28). 


De quelques aspects théoriques et pratiques du frittage.  S. 
Tacvorian. O.N.E.R.A. No. 78 (1955).—(21). 


Fatigue tests on notched and unnotched clad 24 S-T sheet 

specimens to verify the cumulative damage hypothesis. J. 

Schijve and F,. A. Jacobs. N.L.L. Report M.1982 (April 1955). 
Tests on notched and unnotched clad 24 S-T sheet specimens 
were carried out to check the hypothesis of Miner on 
cumulative damage. A comparison with the results of other 
investigations has been performed. Some comments on the 
cumulative damage concept are made. Attention is given 
to the crack propagation, the influence of the cladding, the 
inhomogeneity of the sheet and the distribution function of 
fatigue test results —(21.22). 


POWER PLANTS 


Etude théorique des instabilités de basse fréquence dans les 
fusées a liquides. M. Barrere and J-J. Bernard. O.N.E.R.A. 
No. 79 (1955).—(27.3). 


Fuel pump and control system for reheat. T. H. Lindbom and 
S. Grey. Flygmotor Technical Note 2 (May \1th 19553). 
Work carried out at Svenska Flygmotor AB to solve the 
problem of delivering and controlling” the large quantities 
of fuel required in the reheat chamber of a turbo-jet engine 
is described.—(27.1). 


PRODUCTION ENGINEERING 
See also MATERIALS 


Proceedings of the second work study school conference: Cran- 

field 1955. L. J. Harper. CoA Note No, 28 (May 1955). 
The second Annual Reunion Conference of students who 
had attended courses at the Work Study School, Cranfield, 
was held on the Ist, 2nd and 3rd of April 1955. The papers 
presented are compiled and delivered by ex-students and are 
contained herein in almost verbatim form. Only minor 
editing has been carried out as this report is intended to 
be a record of the major formal proceedings and not a 
dissertation on The Work Study School’s thinking. (28). 


Work study in Germany; a report of the activities of the Reichs 
Einrichtung fiir Arbeitstudien (R.E.F.A.), L. J. Harper. CoA 
Note No. 32 (June 1955). 
The writer was in Germany from 4th April to 16th April 
1955 for discussions with the headquarters’ staff of the 
R.E.F.A. Organisation, and practitioners of the R.E.F.A. 
techniques in various factories. This report deals with the 
advice and impressions received during that visit—(28). 
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PROPELLERS 


On the calculation of the 1-P oscillating aerodynamic loads on 

single-rotation propellers in pitch on tractor airplanes. V. L. 

Rogallo and P. F. Yaggy. N.A.C.A., T.N. 3395 (May 1955). 
A procedure for calculating the 1-P oscillating aerodynamic 
thrust loads on single rotation, tractor propellers in pitch at 
Zero yaw is developed and is evaluated. Application of the 
procedure requires knowledge of only the upflow angles at 
the horizontal centre line of the propeller disc. The appli- 
cability of the procedure to various aeroplane configurations 
is discussed.—(29.1 x 1.6.3). 


Measurements of free-space oscillating pressures near a propel- 

ler at flight Mach numbers to 0°72. A. W. Vogeley and M. C. 

Kurbjun. N.A.C.A., T.N. 3417 (May 1955). 
Limited measurements have been made of the free-space 
oscillatory pressures near the tips of a propeller at flight 
Mach numbers up to 0:72. Measurements were made at a 
single radial station and at three axial positions (ahead of, 
in the plane of, and behind the propeller disc). Comparisons, 
showing the effects of forward Mach number on oscillating 
pressures, are made with the Garrick-Watkins theory 
(N.A.C.A. T.N. 3018).—(29.1). 


SCIENCE—GENERAL 


Sensitométrie photographique. Maurice Roulleau Pubs. S. & 
T. No. 301 (1955).—(32.2.4). 


STRUCTURES 
LoaDs , 


Formulae for estimating the forces in seaplane-water impacts 

without rotation or chine immersion. R. J. Monaghan. R. & M. 

2804 (January 1949, published 1955). 
Design formulae and curves are given for estimating the 
maximum forces, together with the times and drafts | 
associated with these forces, in main-step landings of 
seaplanes provided there is neither rotation nor chine 
immersion. Good agreement is found with the results of 
model tests made under controlled conditions.—(33.1.2 x 


On the analytical determination of the normal modes and 

frequencies of swept cantilever vibrations. A. H. Hall, H. F. L. 

Pinkney and Helen A, Tulloch. N.A.E.C., Report 21 (1953). 
A procedure for calculating the normal modes and frequen- 
cies of swept cantilever plates is outlined, and is illustrated 
with a numerical example. Comparison of the theoretical 
frequencies is made for plates of 0, 30, 45 and 60 degrees 
sweep, and of the modes for 30, 45 and 60 degrees sweep.— 
(33.1.2 x 33.2.4.7.3). 


Flygtekniska Forsoksanstalten. Bo Lundberg. F.F.A. Report 
No. 60 (1955). 
This F.F.A. Report is the Eighteenth Wright Brothers Lec- 
ture delivered by Bo Lundberg to the Institute of the 
Aeronautical Sciences on 17th December 1954.—(33.1.2). 


Gust-tunnel investigation of the effect of a sharp-edge gust on 
the flapwise blade bending moments of a model helicopter rotor. 
Domenic J. Maglieri and Thomas D. Reisert. N.A.C.A., T.N. 
3470 (August 1955). 
Preliminary investigations have been made in the Langley 
gust tunnel to determine the effects of a sharp-edge vertical 
gust on the blade flapwise vibratory bending moments of 
small model rotors having either fixed-at-root or teetering 
blades. Both rotor configurations were tested up to a tip- 
speed ratio of about 0°35.(33.1.2). 


THEORY AND ANALYSIS 
See also Loaps 


On the application of oblique co-ordinates to problems of plane 
elasticity and swept-back wing structures. W. S. Hemp. R. & M. 
2754 (January 1950, published 1955). 
On the mathematical side this report seeks to illustrate the 
use of oblique co-ordinates in applications to Elasticity and 
Structure Theory. On the practical side it seeks to provide 
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methods by which designers can solve problems of stress 
distribution and deflection for the case of sweptback wing 
structures, whose ribs lie parallel to the direction of flight. 
(33.2:3.2). 


Interim report on fatigue characteristics of a typical metal wing. 
J. L. Kepert and A. O. Payne. A.R.L./S.M. 207 (January 
1955). 
The results of fatigue tests on seventy-two P51D “Mustang” 
wings are given.—(33.2.3.1). 


- The fatigue diagram for fluctuating tension of single lap joints 
of clad 24 S-T and 75 S-T aluminium alloy with 2 rows of 17-S 
rivets. W. Klaasen and A. Hartman. N.L.L, Report M.1980 
(1955). 
The fatigue diagram for fluctuating tension has been deter- 
mined on two-row snap-riveted single lap joints of clad 
24 S-T and 75 S-T aluminium alloy with 0:8 mm. sheet 
thickness, 3 mm. rivet diameter and 20 mm, rivet spacing. 
for endurances ranging from 10* to 50x 10° load cycles.— 
(33.2.4.13.10). 


Effective width in the plastic range of flat plates under com- 

pression. M. Botman and J. F. Besseling. N.L.L. Report S. 

445 (September 1954). 
The effective width in the plastic range of 24 S-T clad and 
unclad flat plates was experimentally determined. 
testing apparatus for flat-end tests was used, the longitudinal 
edges of the bays of the specimens (length to width ratio 
of bays=4:67) being supported by knife-edges. The results 
show a good agreement of the effective widths in the plastic 
range with the theoretical results of Koiter for the effective 
width in the elastic range. No marked difference between 
clad and unclad plates could be observed.—({33.2.4.5.6). 


« 
Step and impact loads on’some non linear structural elements. 
J.P. Benthem. N.L.L. Report S455 (1955). 
Existing literature is reviewed concerning transverse loads 
on beams deforming in the plastic range and longitudinal 
compressive loads on buckling columns deforming in the 
elastic or plastic range. The influence of the uncertainty 
in initial deflections on a result in a dynamic buckling test 
is investigated.—({33.2.2). 


Experimental investigation of shear strength and shear deforma- 
tion of unstiffened beams of 24 S-T alclad with and without 
flanged lightening holes. G. Anevi. §.A.A.B., T.N. 29 (October 
1954). 
A new test procedure used in this investigation is described, 
together with the test apparatus. Proposals are put forward 
for a basis of calculation for the shear strength and initial 
shear deformation. Some fatigue test results are also 
included.—(33.2.4.1.4). 


On traveling waves in beams. R. W. Leonard and B. Budiansky. 

N.A.C.A. Report 1173 (1954). 
The basic equations of Timoshenko for the motion of 
vibrating non-uniform beams, which allow for effects of 
transverse shear deformation and rotary inertia, are pre- 
sented in several forms; the propagation of sharp disturt- 
ances is discussed. Numerical travelling-wave solutions are 
obtained for some elementary problems of finite uniform 
beams for which the propagation velocities of shear and 
tending discontinuities are equal. Comparisons are made 
with modal solutions and. in some cases. with exact closed 
solutions.—{33.2 « 33.4.1.0). 


Reduction of the shimmy tendency of tail and nose-wheel 

landing gears by installation of specially designed tires. H. 

Schrode. N.A.C.A., T.M. 1391 (July 1955). 
An experimental study is made of the shimmy tendency of 
several conventional and modified German aircraft tyres 
ranging in size from about 11 to 15 inches in diameter. 
The effects of tyre size, shape, loading and wear. type of 
rolling motion (acceleration or deceleration), trail and rolling 
velocity on the shimmy tendency are investigated.— 


Creep and creep-rupture characteristics of some riveted and 
spot-welded lap joints of aircraft materials. L, Mordfin. 
N.A.C.A., T.N. 3412 (June 1955). 
Equipment, test techniques, and results are presented for an 
experimental investigation of the creep of lap joints. Riveted 
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aluminium-alloy joints fabricated from 75S-T6 and 24S-T3 
with 24S and 24S-T31 rivets were tested at 300°, 400° 
and 500°F. Spot-welded joints of +-hard, type 301 stainless 
steel were tested at 800°F. Each type of joint was also 
tested in tension at room temperature.—(33.2.4.13.9). 


Preliminary investigation of properties of high-temperature 

brazed joints processed in vacuum or in molten salt. C. A. 

Gyorgak and A. C. Francisco. N.A.C.A., T.N. 3450 (May 1955). 
An investigation was conducted to determine the effect of 
the variables temperature, time at temperature, and nickel 
addition to the braze alloy on the shear strength of high- 
temperature-alloy brazed joints processed in vacuum or in 
molten salt. Both brazing methods produced shear strengths 
greater than those of joints processed in dry hydrogen. 
Vacuum brazing was superior to salt-bath brazing, average 
shear strengths being on the order of 63.000 and 48,000 p.s.i. 
respectively.—(33.2.4). 


THERMODYNAMICS 


Combustion characteristics of a cylindrical-rod burner system. 

E. M. Goodger. CoA Report No. 90 (June 1955). 
A combustion chamber has been proposed in which fuel is 
fed under gravity down the surfaces of vertical cylinders 
located normally to the air stream. The cylindrical rod 
elements have teen tested in both open and closed type 
chamters, a polished rod of { in. diameter giving the best 
performance of the rods tested. Single and double row 
grids have also teen tested, and the results have teen 
extended theoretically to give a comparison with the per- 
formance of a conventional type of spray chamber operating 
at similar inlet conditions.—(34.1.1). 


Comparison of effectiveness of convection-transpiration-, and 

film-cooling methods with air as coolant. E.R. G. Eckert and 

J. N. B. Livingood. N.A.C.A., Report 1182 (1954). 
Material necessary for a comparison of the cooling require- 
ments of film and transpiration cooling with conventional 
convection cooling is presented. Both laminar and turbulent 
flow, with and without radiation, are considered for a flat 
plate. The superiority of transpiration cooling is clearly 
shown for both laminar and turbulent flow.— (34.3.4). 


Formation and combustion of smoke in laminar flames. R. L. 

Schalla et al. N.A.C.A., Report 1186 (1954). 
The nature and formation of smoke and its combustion were 
investigated. Factors affecting smoke formation § were 
studied in both diffusion flames and premixed Bunsen flames. 
The variables investigated were (1) fuel type, (2) external 
air-flow rate; (3) oxygen-enrichment of external air, (4) sub- 
stitution of argon for nitrogen in external oxidant, (5) fuel 
temperature or primary mixture temperature, and (6) pres- 
sure. The ability of a flame to burn smoke admitted from 
an exterior source was also studied. A critical survey was 
made of the literature pertaining to the mechanism of smoke 
formation.—-(34.1.1). 


Effect of pressure on thermal conductance of contact joints. 

M. E. Barzelay et al. N.A.C.A., T.N. 3295 (May 1955). 
As an extension of previous experimental work further tests 
were conducted to determine the factor influencing the 
thermal conductance across the interface formed between 
stationary plane surfaces of 75S-T6 aluminium alloy and 
AISI Type 416 stainless-steel blocks. The types of joints 
investigated included bare metal-to-metal contact, contact 
surfaces separated by a good conductor (brass shim stock), 
and contact surfaces separated by a thin sheet of insulation 
(astestos).—(34.3.3.). 


Pressure waves generated by addition of heat in a gaseous 

medium. B. Teh Chu. N.A.C.A., T.N. 3411 (June 1955), 
The approximate formula of a linearised solution for the 
pressure field generated by a moderate rate of heat release 
is given. The analogies between the pressure waves gener- 
ated by heat release and those generated by (1) mass release, 
(2) piston motion, or (3) a two-dimensional body in a super- 
sonic stream are established analytically. The exact solution 
of an idealised problem in which heat is released uniformly 
at a section of tube with a given rate, large or small, is also 
constructed. The corresponding problems in three dimen- 
sions are also solved. Some applications of the theory are 
given,— (34.1.1). 
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